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CHAPTER I 
INTRODUCTION AND STATEMENT OF OBJECTIVES 
The physical and chemical properties of a soil are to a large 
extent determined by its clay fraction. This fraction, commonly 
defined as the inorganic solids less than 2 urn in diamter, often 
embodies the bulk of a soil's reactive surface area. In the soil 
environment this fraction consists of an intimate mixture of 
distinctly crystalline sheet silicates, metal oxides of varying 
degrees of hydration, inorganic components having similar basic 
building blocks to the aforementioned but possessing shorter-ranging 
structural order, and an as- yet poorly characterized organic 
component. 
The nature of the soil clays in Massachusetts has in large part 
been inferred from the work of investigators in nearby states and 
provinces. While many inferences may be drawn from their findings, 
any argument concerning the behavior of Massachusetts' soils should 
be strengthened by more definitive characterizations of the soil 
clays actually present here. 
Worldwide, a great deal of research effort has been devoted to 
the mineralogy of the clay fraction of soils, sediments, and 
weathered bedrock. This is especially true for temperate climatic 
regions. From these investigations the major weathering trends and 
clay mineral assemblages in soils have been well established (Allen 
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and Fanning, 1983). The clay mineral suite one finds in a particular 
pedon, however, is the result of several soil forming factors. Thus, 
the degree to which a given soil's mineralogy exhibits reigonal 
tendencies varies. The most variable factor influencing the clay 
mineral suites of Massachusetts soils is the nature of the parent 
material. The vast majority of soils in the state have formed in one 
or more of a varied array of transported materials associated with 
late Pleistocene glacial processes. A major contributor among these, 
particularly in upland areas, is till. This sediment is deposited 
directly from glacial ice and subjected to little sorting by water, 
though the later's role is often crucial in determining the ultimate 
physical character of the till. 
The choice of till as the glacial deposit most amenable to the 
study of lithological controls on the clay minerals in soil requires 
that bedrock lithologies be isolated sufficiently in the til Is to 
allow for the occurrence of significant mineral ogical differences 
from one location to another. Newton (1978), among others, has stated 
that most tills in this area are derived from the local underlying 
bedrock. If this is so and that rock's exposure is extensive enough, 
one should be able to sample soils developed in till derived 
primarily from that rock type. 
Whether glacial dynamics can be simplified to this degree may be 
unrealistic, particularly if it is the finer materials in the till 
that are of interest. Dreimanis and Vagners (1969) found that 
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distance from a particular rock type, its physical properties, and 
the dynamics of glacial erosion, transport, and deposition ultimately 
determine the constituents of a given till. 
The goal of this research is to clarify the controls exerted by 
parent till lithologies on the clay mineralogy of selected 
Massachusetts soils. In order to achieve this understanding the 
objectives were to: 
(1) Characterize selected chemical and physical properties of 
the soil materials from several pedons developed in 
lithologically distinct tills. 
(2) Determine the crystalline clay mineralogy of the 0.2 - 2 urn 
and < 0.2 urn size fractions. 
Pursuant to these, the foilwing hypotheses were tested: 
(1) Soil clay mineralogy should reflect the parent till 
lithology by being dominated by transformation products of the 
till's primary sheet silicates. 
(2) Incomplete flushing of fines during successive glaciations 
may have resulted in the incorporation of relict weathering 
products into the ti11. 
CHAPTER II 
LITERATURE REVIEW 
Parent Materials 
The stratigraphic relationships of till in southern New England 
has been a topic of controversy in years past and is today not 
completely resolved. Newton (1978), however, addressed this problem 
this problem from several perspectives and concluded that three tills 
exist within Massachusetts (excluding coastal regions). These were 
termed Pre-Thomaston, Thomaston, and Bakersville. The first of these 
is rarely encountered, and then only as inclusions within the 
Thomaston unit. Newton coordinated his own observations with those of 
Judson (1949), Flint (1961), Drake (1971) Pessl (1971), and others to 
produce a generally acceptable view of regional till relationships. 
Newton found the physical and chemical properties of these 
1 ithostratographic units to be sufficiently different to allow for 
their correlation over long distances. Each of the two upper units 
was subdivided into two subunits. The older Thomastion till is a 
compact, relatively clay-rich, and probably subglacial ablation till 
that possesses an oxidized upper zone and unoxidized lower zone. 
He interpreted this as the product of interglacial or interstadial 
weathering, with the oxidized zone representing the remnants of a 
paleosol. The Bakersville till, in the upper part, is a sandy 
4 
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ablation till which can be subdivided into a loose phase and a 
compact phase; the latter probably being subglacial in origin. The 
lower part of the Bakersville till is a compact lodgment variety. The 
relationship in time of the Thomaston and Bakersville was postulated 
by Newton (1978) to be earlier and later Wisconsinan respectively. 
Recently, the age of the lower till has been challenged by Oldale and 
Eskenasy (1982). Primarily on the basis of grain size 
characteristics, they correlated the Thomaston till with till 
described at Sankaty Head in Nantucket, which lies below marine beds 
of Sangamonian age, and thus concluded that Newton's lower till is 
probably Illinionan in age. 
The existence of earlier Quaternary deposits in coastal 
Massachusetts and their relationship to the preglacial landscape may 
bear some significance in assessing the clay mineralogy of present 
day soils developed in later tills. Kaye (1961) described a sequence 
of four glacial drifts in the Boston basin overlying a soft white 
kaolinitic saprolite derived from the underlying Cambridge Slate and 
in at least one instance the possible remnant of a kaolintic quartz 
sand coastal plain deposit. At Martha's Vineyard Kaye (1964) 
recognized a complex series, of tills, the two oldest of which are 
now generally regarded as pre-Wisconsin (Oldale, 1982). The first of 
these is "... compact and well-graded in the clay to fine gravel 
range." Quartz pebbles and nodular rocks derived from Tertiary and 
Cretaceous coastal plain sediments constitute 97 % of the till's 
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coarse clasts and kaolinite is the predominant clay mineral in the 
matrix, particularly in the truncated weathering profile at the top 
of this unit. Kaye's second till unit is also compact and is deeply 
weathered and poor in coarse clasts. Of those present and greater 
than one inch in diameter, however, 60 to 80 1 are nodular rocks 
derived from coastal plain sediments. The younger tills of the 
Martha's Vineyard sequence show less obvious evidence of the 
inclusion of pre-Pleistocene weathering products, but their more 
subtle influence in the finer size fractions of these tills can not 
be discounted. 
Denny (1982) reported that "... the New England landscape is the 
result of long-continued subaerial weathering and erosion induced ny 
long-continued uplift or upwarping [possibly] since the Early 
Cretaceous [Period]." In particular, miocene uplift, evidence for 
which is based on coastal plain sediment volumes and erosion rates, 
was suggested as responsible for the present land surface. According 
to Schafer and Hartshorn (1965), glacial erosion and deposition 
modified only the details of this pre-Pleistocene landscape. More 
recent evidence (Laine, 1980) suggesting that the volume of sediment 
glacially transported beyond the present shoreline was much greater 
than previously thought may indicate that some rethinking of this 
perception is in order. On the other hand, Sugden (1978) 
characterized the 1ate-Wisconsin ice in southern New England as warm¬ 
melting at its base. If earlier ice sheets were similar in this 
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regard and if they passed over a landscape covered with a permeable 
weathered regolith, the evacuation of melt water through the regol ith 
might reduce basal slip and increase ice pressures at the interface 
of the melting ice and regolith. The result of these conditions are 
apt to be glacial deposition rather than erosion (Sugden, 1978; 
Bolton, 1975). 
If the bedrock topography of southern New England is essentially 
that produced by Tertiary weathering and erosion processes, it is 
logical to assume that some proportion of the glacial drift 
deposited during the Pleistocene epoch was derived from the soft 
regolith exposed to the first advancing ice sheets. Chalmbers (1898) 
suggested that decayed rock was the principal source of till in 
eastern Canada. Likewise, Emerson (1917) felt that this "rotted rock" 
was the "first and principal source of the till" in Massachusetts and 
Rhode Island. In recent years this idea has been more or less 
abandoned in favor of the belief that till is a product of glacial 
erosion of relatively fresh rock. Flint (1971) supported this 
viewpoint by citing the ubiquitous presence of easily weathered 
hornblendes, [trioctahedral] micas, and plagioclases in older as well 
as younger tills. 
Feininger (1971) argued for a different origin for southern New 
England till, one more in keeping with the spirit of Chalmbers' and 
Emersons ideas. He suggested that one cannot extend the till 
formation processes associated with today's active ice sheets to 
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those overriding the deeply weathered regolith of pre-Pleistocene New 
England. Based on his observations of crystalline rock weathering in 
Columbia, South America and his geological mapping in southern New 
England, Feininger found no need to invoke severe glacial erosion as 
a mechanism for the production of till in our region. He explains the 
presence of relatively fresh boulders strewn over till landscapes in 
areas underlain by crystalline berock, an occurance often cited as 
evidence of severe glacial erosion, as the remnants of a deep 
saprolith. The development of these, he says, was initiated through 
weathering along joint planes of the rock body. As weathering 
proceeded inward, boulder-shaped cores were left in a saprolitic 
matrix. 
Feininger explained the fresh mineralogy exhibited by till from 
two perspectives. One is that the volume of fresh material in the 
deep Columibian regolith can be considerable (10 to 50 %). The bulk 
of this occurs in the grussified border zones of the residual 
boulders mentioned above. An analogous situation probably existed in 
southern New England. The other is that the initial fine component, 
those size fractions containing the most highly weathered material, 
was subjected to flushing by glacial meltwaters. Though these ideas 
do not incorporate the various modes of glacial erosion and 
deposition, Feininger felt they do explain the coarser textures one 
encounters in progressively younger tills; rather than the reverse 
situation he would expect according to an exclusively abrasion theory 
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of till genesis. Flushing of freshly abraded materials as well as the 
incorporation of older glaciof1uvial deposits, however, might also 
explain this upward-coarsening trend. 
Presently, the vast majority of rock outcrops in New England are 
fresh. However, evidence for preglacial ly produced saprolite is 
widespread. Goldthwait and Kruger (1938) believed that, though only 
one in a thousand New Hampshire*outcrops were "rotted", a 
considerable portion of the till in their area was derived from 
deeply weathered materials. Field and heavy mineral investigations of 
three localities exhibiting fresh till in sharp contact with 
underlying rotten rock and intruding the latter so as to form clastic 
dikes, confirmed for Goldthwait and Kruger that the saprolite was 
preglacial or interglacial in origin. The mineralogy of the fine sand 
fractions of the fresh till and the rotten rock were distinctly 
different. The former exhibited a much fresher assemblage, possessing 
much amphibole, but at the same time contained a surprisingly high 
percentage of unidentifiable weathered grains. This dichotomous 
mixture of fresh, easily weathered minerals with a high percentage of 
weathered grains in the "fresh" till led Goldthwait and Kruger to 
reason, somewhat loosely, that preglacial ly weathered material 
comprises perhaps a quarter of the drift. They suggested that 
intimate mixing may have obscured its contribution, especially if 
most of it was in the finer size fractions. In another report Borns 
and A11en (1963) describe the remnants of a paleosol in Thomaston, 
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Maine which developed in the Rockport Limestone. Based on its 
stratigraphic position below late-Wisconsin till, its kaolinte rich 
clay mineralogy, the correspondence of the weathering products to the 
acid insoluble residue of the parent marble, and the environmental 
conditions required to produce such a soil, the authors felt 
justified in designating it pre-Pleistocene in origin. These and 
other examples of pre-Wisconsin weathering (Chute, 1964; Kaye, 1967a 
and 1967b) which have survived glacial erosion suggest that they 
present clay mineralogy of Massachusetts soils may be in part 
inherited. 
On the other hand, Birman (1952) described clastic dikes, 
similar to those of Goldthwait and Kruger (1938), in a rotten 
granite-gneiss in Rhode Island. The intruding material, based 
primarily on particle size distribution, was that of the Pleistocene 
deposit directly overlying the rotted rock surface. In this case the 
deposit was till in some areas and eolian material in others. In 
close proximity within the till were both fresh and thoroughly 
weathered fragments of granite-gneiss. Birman adds, however, that no 
serious decomposition of individual mineral grains had occurred in 
the weathered material. So, while general grussification of the 
gneiss probably took place prior to the last glaciation, an extended 
preglacial weathering period need not be invoked. According to Bustin 
and Mathews (1979) grussification can be quite rapid; at least in 
some granitic rock types (14,000 years for boulder-size clasts in 
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their study). They noticed rotted granodiorites in till and 
g 1 aciof1uv ia 1 deposits, which they felt could not have endured 
glacial transport intact, yet were present side by side with 
apparently similar clasts showing little evidence of grussification. 
Depotassication and subsequent expansion of biotite were believed to 
be the primary agents. Cracks forming radially from the chemically 
expanded hydro-biotite disrupt the rock's fabric through and along 
mineral grain boundaries and by the effect the process is further 
promoted. Positive correlations between the degree of rotting and 
large mineral grain size, high biotite content, and poor clast 
rounding are cited as explanation for the uneven expression of this 
process from one clast to another within the till. Winkler (1980) has 
further suggested that stress relief of quartz (4.5 % differential 
contraction) in such rocks may act in concert with the above process 
to produce grussified boulders in otherwise fresh appearing glacial 
drift. 
The time required to produce rotted rock like that observed in 
the above studies, then, may not have required a long preglacial 
weathering interval. Many of the reported instances of saprolite are 
from rock types susceptible to rapid disintegration. Thus, it 
remains unclear how great an influence the products of pre-late- 
Wisconsin weathering have had on the present day clay mineralogy of 
Massachusetts soils. 
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Soil Formation and Classification 
The till derived soils of central and western Massachusetts, 
like all soils, are the products of the interaction of parent 
materials with a host of environmental factors all acting over time. 
In order to accurately assess the influence of parent material on the 
clay mineralogy of soils, one must isolate this variable with respect 
to all others. Jenny's (1941) well known, fundamental equation of 
soil formation states that the expression of a given soil property is 
a function of climate, biological influences, relief, parent 
material, and time. Each factor must be defined as an independent 
variable and ultimately be quantifiable in order to solve the 
equation precisely. Even if all independent variables were amenable 
to isolation and quantification, an investigation into the effect of 
any one of these requires that these ideal experimental conditions be 
maintained long enough to allow the varied factor to significantly 
affect the soil property under study. This time requirement can often 
restrict such research to rapidly and recently produced effects. 
Many examples may be presented to illustrate these limitations 
on the study of Massachusetts soils. Both the time and relief factors 
may be altered by pedoturbative forces such as those produced by tree 
throw (Veneman et al., 1984). Climate^and related vegetation 
distribution also cannot be considered as constant even since the 
retreat of the last ice sheet. Numerous studies of pollen grain 
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accumulation in pond sediments suggest several major climatic 
transitions between 1ate-Wisconsin time and the present (Bernarbo and 
Webb, 1977; Davis, 1967; Davis, 1969; Whitehead, 1975; Whitehead and 
Bentley, 1963). 
In view of the problems associated with completely isolating the 
effect of parent material lithology on soil clay mineralogy, one is 
limited to characterizing major trends. Having conceded the unlikely 
feasibility of strict control over the dynamics of pedogenesis, an 
overview of the soils common to till-mantled landscapes in central 
and western Massachusetts should serve to evaluate, ipso facto, 
Jenny's state factor equation. 
In general, we 11-drained soils east of the Connecticut River 
Valley are Ochrepts and those west of the valley are Orthods. The 
Ochrepts typically possess an ochric epipedon and a cambic subsurface 
horizon of low base saturation (Soil Survey Staff, 1975). The latter 
is diagnostic and has formed as the result of in situ pedogenic 
alteration of primary minerals. This process is commonly referred to 
as braun i f i cat ion or rubif ication, terms applied to the dispersion 
and progressive oxidation of free iron within the soil (Buol et al., 
1980). In those soils with significant clay content blocky structure 
may have developed. Cambic horizons are not transitional to illuvial 
horizons. Nonetheless, the inceptisols of southern New England are 
transitional to spodosols and in many cases contain significant 
amounts of translocated sesquioxides, though in insufficient quantity 
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to meet current chemical and morphological spodic horizon criteria 
(Soil Survey Staff, 1975; Veneman and Bodine, 1982). 
West of the Connecticut River Valley (in Massachusetts) 
spodosols become increasingly more prevalent. The reasons for this 
relate directly to the climatic and vegetational changes encountered 
at the higher elevations associated with the Berkshire Hills. While 
probably not as geographically extensive as mapped in the most recent 
soil survey (U. S. Department of Agriculture, 1986), these soils are 
important at the higher elevations of the western and central 
portions of the Berkshire Massif. At somewhat lower elevations, 
however, it is common to find soils with "spodic" materials present 
at depths shallower than those recognized as sufficient by current 
criteria (Soil Survey Staff, 1975). 
Though Spodosols have been intensively studied, no consensus yet 
exists concerning their genesis (De Conninck, 1980; Anderson e_t a!., 
1982). Whatever the actual processes involved in the translocation of 
iron, aluminum, and possibly silicon from the E horizon to the 
underlying B horizons, the net result is a soil with unique 
physiochemical characteristics, which are due in large part to the 
highly reactive amorphous and poorly ordered colloids present in the 
illuvial horizons of these soils. Their crystalline clay mineralogy, 
while being of pedogenic interest, is of secondary importance to the 
disordered spodic materials in determining the physical and chemical 
behavior of spodosols (Allen, 1977). 
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Clay Mineralogy 
The products of aluminosilicate weathering may be categorized 
into five groups (Mil lot, 1970): residual silicates, transformed 
silicates, colloidal products, neoformed silicates, and dissolved 
elements. If the resultant soil clay minerals are inherited from the 
parent material they may or may not be stable under the present 
weathering environment. If they are transformation products, their 
precursors are often the primary sheet silicates of the parent 
material. If they are neoformed, a more involved reorganization of 
constituents is required. In Massachusetts, where in many respects 
the weathering environment may be considered mild, residual and 
tranformed silicates might be expected to quantitatively dominate the 
clay size fraction of the soil and thus strongly reflect the nature 
of the parent material. This does not belittle the importance of the 
latter three products. In fact they probably determine the more 
important aspects of soil behavior in this region. 
Glacial communition of rock and regolith produced material with 
an initial clay size mineral assemblage at least qualitatively 
equivalent to its source lithologies. This should result in a 
preponderance of micas, chlorites, quartz, feldspars, and hornblendes 
in the clay fraction of the parent material. The alteration of these 
minerals, then, should strongly influence the clay mineralogy of 
Massachusetts soils. 
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Previous studies in the northeastern United States and eastern 
Canada have shown the preferential removal of potassium (and other 
cations) from the interlayer positions of micas and to a less extent 
the removal of the interlayer hydroxide phase of primary chlorites, 
followed by their replacement with polymeric A1-hydroxy complexes, to 
characterize soil clay genesis in this region. The following 
discussion will address these processes. 
The rate and extent of mica depotassication depends on the 
nature of the mineral, its particle size, and the characteristics of 
the weathering environment (Fanning and Keramidas, 1977). The 
chemical composition and crystal structure of a particular mica are 
very important to the process. Though a large body of research has 
been devoted to this aspect of interlayer stripping of micas, many 
details remain unclear. Leonard and Weed (1970) concluded that, while 
no simple relationship exists between potassium release and mica 
type, factors such as octahedral ^droxyl orientation and F" content, 
layer charge reduction, silica tetrahedra rotation, and potassium- 
oxygen bond lengths may all be significant. Ordering of chemical 
constituents within the mineral might be added to this list (Ross and 
Kodama, 1970). 
Trioctahedral micas generally release potassium much more 
readily than dioctahedral types. The currently favored explanation 
for this involves the orientation of the hydroxyl group of the 
octahedral sheet (Basset, 1960). The uneven charge distribution 
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within dioctahedral sheets, due to in comp 1ete filling, allows the 
angle of the hydroxyl dipole to be diverted from a position normal to 
the plane of the sheet and away from the interlayer plane. This 
lowers the positive charge within the zone of potassium-oxygen 
bonding and increases the tenacity with which potassium is held in 
the structure. This same mechanism has been invoked to explain the 
regularly alternating interstratification observed of micas (Norrish, 
1973). Micas which have begun losing potassium from one interlayer 
plane possess hydroxyls with greater freedom to shift toward the 
opened interlayer. The effect of this is again to lessen the 
concentration of positive charge near the potassium in the adjacent 
layer and thus to strengthen its bonds to tetrahedral oxygen. 
It has also been inferred that layer charge reduction enhances 
the release of interlayer potassium (Leonard and Weed, 1970), though 
this relationship is unclear. Raman and Jackson (1965),based on the 
pH dependence of depotassication and the presence of structural 
"water" in vermicu1 ites, suggested that during acid weathering 
protons are incorporated into the layer structure as compensating 
ions. This, it is assumed, weakens the layer bond to potassium. Layer 
charge reduction via the oxidation of octahedral Fe is not expected 
to enhance mica expansion for a number of possible reasons. The 
ferrous-ferric oxidation step may be accompanied by a simultaneous 
deprotonation of the octahedral hydroxyl group (Ross and Rich, 1974). 
In addition, if charge becomes unsymetrica11y situated around the 
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hydroxyl, as when Fe^+ is adjacent to Mg^+, the hydroxyl would shift 
from vertical in response to the change in electrostatic potential 
(Juo and White, 1969). 
The rotation of tetrahedra and corrugation of the tetrahedral 
sheet, in order to "fit" the octahedral sheet, may also influence the 
ease with which mica interlayers may be expanded (Leonard and Weed, 
1970). The effect of this is to decrease the length of and thus 
strengthen the bonds between potassium and tetrahedral oxygen. 
Other factors that enhance the rate at which micas expand 
include fine particle size and such characteristics of the soil 
environment as low soil solution potassium levels, high biological 
activity, low pH, pronounced wetting and drying cycles, and high 
redox potential (Fanning and Keramidas, 1977). 
The fate of primary chlorite in soil is somewhat different and 
less well documented. It appears, however, that structural and 
chemical variations, as well as pedogenic processes, control the 
degree to which the interlayer hydroxide phase may be removed 
preferential ly to the overall disordering of the chlorite structure 
during the weathering process. Droste (1956) described a chlorite, 
with magnesium as the coordinating cation in the hydroxide 
interlayer, as being attacked in soil by protonation of the hydroxyl, 
producing completely hydrated exchangeable cations. This occurred 
even before the complete removal of calcium carbonate from the 
profile. He notes that the end product is vermiculite, which is 
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approached through a series of randomly interstratified chlorite- 
vermiculites. While acknowledging that minor changes take place in 
the 2:1 portion of the chlorite structure during this process (Droste 
et aj_., 1962), their mechanism should preferentially act on hydroxide 
sheets with octahedra centered by divalent cations of relatively 
large ionic radius (Mg^+ and Fe^+) and would be essentially a pH 
dependent process. 
Ross (1969) found that acid treatment of chlorite in laboratory 
weathering studies showed no preferential removal of interlayer 
material, but instead that both octahedral sheets were equally 
susceptible. In oxidizing environments, chlorites with Fe^+ in their 
interlayer hydroxide may become structurally weakened when the iron 
becomes trivalent. Ross (1975) treated high magnesian and high 
ferrous iron chlorites (2-5 urn in diameter) with saturated bromine 
water and found that the latter were completely transformed to 
vermiculite in three weeks, whereas the magnesian chlorite showed 
little alteration after five months. 
It is likely that both the oxidation of Fe^+ and protonation of 
the more basic coordinating interlayer cations affect the extent of 
chlorite vermiculitization. Johnson (1964) suggested that changes in 
electrostatic relationships between layers of chlorite and the 
alteration of stabilizing hydrogen bonds between the hydroxyl of the 
interlayer and the oxygen of the tetrahedral sheet of the 2:1 layer 
may well control the preferential extraction of primary chlorite 
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interlayers during weathering. These factors may also be responsible 
for regularly interstratified chlorite-vermiculites derived from two- 
layer polytypes. 
In acid soils vermiculite is probably a rapidly formed unstable 
intermediate (Kittrick, 1973). Under extremely acid conditions it 
slowly weathers to kaolinite (Jackson, 1964). Under somewhat less 
prolonged, though possibly not less pronounced, acid weathering 
conditions; soil vermiculites are often stabilized by the 
precipitation of A1 -hydroxy materia 1 s on interlayer surfaces. Rich 
(1968) discussed in detail the nature of A1-inter 1ayer occurrence and 
their properties. Briefly summarized, under wel1-drained, moderately 
acid (pH 4.8 to 6.0) conditions in soils of low or moderate organic 
matter content polymeric hydroxy-Al exists in an unexchangeable form 
in the interlayers of vermiculitized micas and primary chlorites. The 
effect of this process on the properties of the clay are profound. 
Cation exchange capacity is greatly reduced. Potassium fixation may 
be inhibited. Swelling characteristics are altered. Hydrolysis of Al- 
hydroxy complexes may serve as a large reservoir of acidity in the 
soil. Finally, their influence on subsequent clay mineral 
transformations may be a controlling one. 
The soils of Massachusetts can be expected to reflect the 
processes and exhibit the products of weathering described above. 
Several studies have verified the presence of simple transformation 
products of micas and chlorites and their chloritized by-products in 
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the soil clays of our region (Bourbeau and Swanson, 1954; Coen and 
Arnold, 1972; Kodama and Brydon, 1968; Lord, 1979; Johnson and Chu, 
1983; Newton, 1978; Sawhney, 1960). In this course of the results and 
discussion that fol low, some of the particulars of their findings 
will be addressed. 
CHAPTER III 
MATERIALS AND METHODS 
Materials 
Fourteen pedons (Figure 1) developed in lithologically distinct 
upland tills of central and western Massachusetts were selected in 
accordance with the following guidelines: 
(1) The underlying bedrock formations should be sufficiently 
homogeneous and distinct to allow the use of their mapped 
borders in defining particular lithological source areas 
for the tills. 
(2) The chosen lithological sources should be well exposed 
north and west of the pedon site to accommodate the 
prevailing trend of the late Wisconsin ice sheet advance. 
(3) The selected sites should be in areas of relatively high 
relief and well removed from broad valleys in order to 
minimize the contribution of eolian contaminants to the 
soil parent materials. 
Most of the pedon sites were chosen on the basis of Emerson's 
(1917) map and rock descriptions, prior to the publishing of Zen's 
(1983) map. Reference to more recent work general ly was made after 
sampl ing was completed. In some instances this entailed compromise 
with respect to the above criteria, but more often the more detailed 
findings of later investigations supported the selection process and 
helped clarify the results obtained in this study. 
22 
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The following is a descriptive listing of the bedrock formations 
for which representative tills were obtained (references are given in 
Chapter IV): 
(1) Dry Hill Gneiss-biotite member: a pink to dark gray, layered 
granite gneiss composed of quartz, microcline, oligoclase, 
and biotite. 
(2) Pauchaug Gneiss: a light gray, medium grained gneiss 
composed of quartz, microcline, sodic plagioclase and 
biotite. 
(3) Washington Gneiss: a dark colored, rusty weathering, biotite 
rich, muscovitic, lavender quartz bearing gneiss, 
metaconglomerate, and quartz granulite. 
(4) Tyringham Gneiss: a biotite-quartz-p 1 agiocl ase-microcl ine 
perthite meta-intrusive granite gneiss. 
(5) Moretown Formation: a fine to medium grained quartz- 
pi ag ioc 1 ase-bioti te granulite and minor quartz-biotite- 
muscovite schist. 
(6) Paxton Formation: a gray and white biotite granofels. 
(7) Partridge Formation: a biotite-si 11imanite-garnet-cordierite 
schist with a brown- and yellow-weathering crust (sulfidic). 
(8) Hoosac Formation: a fine to medium grained a 1bite-quartz- 
white mica schist 
(9) Cheshire Quartzite: a white, massive, vitreous quartzite 
with minor microcline and muscovite. 
(10) Everett Formation: an albite-almandine-chloritoid-muscovite- 
ilmenite schist. 
(11) Nassau Formation-Mettawee member: a lustrous, soft-green, 
laminated, chloritoid-chlorite phyllite. 
(12) Stockbridge Formation: calcitic marble (soil materials are 
mostly from Nassau and Wallomsac Formations). 
(13) Littleton Formation: a dark gray aluminous phyllite. 
(14) Hawley Formation: a plagioclase-hornblende-chlorite schist. 
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In addition to the above source rocks for the parent tills, two 
supporting pedons were chosen to assess the possibility of finding 
pre-Pleistocene weathering products in modern soils. One of these is 
till-derived, Martha's Vineyard Moraine. The other is 
glaciofluvially-derived with a possible eolian influence, Riverhead 
Outwash Plain. 
Field Methods 
Pits approximately one meter square were excavated to a depth of 
at least one meter or to the bedrock surface. The pedon was described 
and sampled in accordance with standard procedures (Soil Survey 
Staff, 1972 and 1981). Descriptions for each pedon appear in Appendix 
C. 
Laboratory Methods 
Soi1 pH 
Soil pH was determined in three 1:1 (w:w) mixtures of soil with 
H20, 0.01 M CaCl2, and 1 N KC1 (Soil Survey Staff, 1972). 
Soil Cation Exchange Capacity 
Cation exchange capacity was estimated by the sum of exchangeable 
cations. The major basic cations (Ca^+, Mg^+, K+, and Na+) were 
26 
extracted with 1 N ammonium acetate (NH^OAc) at pH 7 and the major 
acidic cations were extracted with BaCI2"triethanolamine (TEA) 
adjusted to pH 8 (Peech, Cowan, and Baker, 1962). Extractable Ca and 
Mg were determined by Atomic Absorption Spectroscopy. Extractable K 
and Na was determined by Atomic Emission Spectroscopy. The 
extractable acidity was determined by back titration of base (TEA) 
not neutralized by the soil acidity. 
Soil Organic Carbon 
Soil organic carbon was determined by a wet oxidation procedure 
modified from Mebius (1960) in which Cr^+ (as I^C^Oy) acts as the 
oxidant in the presence of H2SO4 and externally supplied heat. 
•Organic carbon is determined by back titration of unreduced Cr6+ with 
Fe2+ (as FeSO^). 
Selective Dissolution of Fe, A1, and C_ 
Two extractions were used to characterize the "free" forms of 
iron, aluminum, and carbon in the soil: (1) Dithionite-citrate (D-C) 
extraction (Holmgren, 1967); (2) Pyrophosphate (Pyro) extraction 
(Bascomb, 1968). The relative efficiences of these extractants for 
Fe, A1, and C are summarized in Table 1 (after Wada, 1977). 
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Table 1. Extractant Efficiences for Fe, A1, and C. 
Mineral Form Extractant/Element 
Fe 
D-C 
A1 Fe 
Pyro 
A1 C 
Crystal 1ine 
Hydrous Oxides 3 1 0 0 - 
Noncrystal 1ine 
Hydrous Oxides 3 3 1 1 - 
Organic 
Complexes 3 3 3 3 3 
A1lophanelike 
Material - 3 - 1 - 
A1lophane - 1 - 1 - 
Immogolite - 1 - 1 - 
3 = good 2 = fair 1 = poor 0 = none = not applicable 
Total Z_r and Ti 
Zr and Ti in the fine earth fraction were determined by X-ray 
Fluorescence Spectroscopy on pressed pellets of soil, which had 
previously been finely ground and ignited. A General Electric Diano 
Spectrometer with a Tungsten filament was used. Parameters were 
similar to those suggested by Beavers (1960). 
Particle Size Analysis 
Particle size distribution was determined by a combination of a 
pipet procedure for the silt and clay fractions and a dry sieving 
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procedure for the sand fractions. All samples (20g to 100 g of < 2 mm 
material) were pretreated with hydrogen peroxide to remove organic 
matter. This was followed by a sodium dithionite-citrate extraction 
of binding oxides. The washed sample was wet sieved to remove the 
sands. They were dried and subsequently fractionated by dry sieving. 
The silt and clay were transferred to a sedimentation cylinder and 
brought to volume with distilled water. The mixture was then brought 
into homogeneous suspension. Aliquots were removed at prescribed 
times and depths according to Stokes law. A 40 ml subsamplewas 
removed after the last clay aliquot had been taken. This was 
centrifuged at 10,000 rpm for 15 minutes, after which a blank aliquot 
was taken. The soil remaining in. the centrifuge tube was returned to 
the sedimentation cylinder and 2 to 3 grams of magnesium chloride 
were added to the soil-water mixture. The mixture was resuspended and 
the flocculated sample was allowed to settle overnight. The 
supernatant was then siphoned off and the silt and clay were 
transferred to a large Buchner funnel and washed over suction. All 
aliquots were then weighed after drying at 105° C and the appropriate 
calculations were made. The above procedure eliminates problems 
associated with redispersing soils which have been dried after 
pretreatments. 
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Mineralogical Analysis 
The general procedures employed in the mineralogical 
characterization of the soil clay fraction are outlined in Table 2. 
Pretreatments were quite severe, but were believed necessary for good 
dispersal and mount orientation of those samples rich in organic 
matter and poorly ordered forms of iron, aluminum, and silica. 
In addition, differential scanning calorimetric determination of 
gibbsite requires the removal of goethite, the dehydroxy 1 ation 
endotherm of which overlaps that of gibbsite. 
X-ray Diffractometry. Diffractograms were obtained from a Seimens 
Type F diffractometer passing nickel-fi1tered Cu Ka radiation 
generated at 35 kV and 20 ma. A 1° entrance aperture and 0.4 mm exit 
aperture were used. Samples were routinely run at 2° 20/minute from 
2° to 30° 20. 
Differential Scanning Calorimetry. A Perkin-Elmer Model 401 
differential scanning calorimeter was used to confirm the presence of 
and quantify the amount of gibbsite in the clay samples. Runs were 
made in an N2 atmosphere with a calcined kaolinite reference. 
Standard curves were obtained from a synthetic gibbsite prepared as 
described by Frink and Peech (1962). 
t 
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Table 2. Methods Used to Characterize Clay Mineralogy 
Sample Preparation 
Organic Matter Removal - Hydrogen Peroxide 
Free Sesquioxide Removal - Dithionite-Citrate 
Particle Size Separation - Wet sieving, decantation, and 
centrifugation 
X-ray Diffraction 
Mounting Procedure 
Coarse clay - oriented mounts on ceramic tiles 
Fine clay - oriented suspension mounts on glass slides 
Treatments 
Mg-sat & Mg-glycerol solvated 
K-sat & K-sat at 25°, 300°, 550° 
Na-sat-Dimethylsulfoxide 
Differential Scanning Calorimetry 
Mg-sat, undiluted, N2 atmosphere, calcined kaolinite reference 
CHAPTER IV 
RESULTS AND DISCUSSION 
Clay Mineralogy 
Identification Criteria 
Mica. The micas are characterized by a strong 1.0 nm reflection. 
Depending on the stacking sequence of the individual layers, this 
may be the d(001), d(002, or d(003) reflection of the unit cell 
structure. Oriented specimens display these peaks (and their higher 
orders) almost to the exclusion of all others. Differentiation of 
some dioctahedral species from trioctahedral species (i.e. muscovite 
from biotite) is possible by comparing the relative intensities of 
the 1.0 nm and the higher order 0.5 nm peak. The greater relative 
efficiency of the heavier Fe and Mg atoms of trioctahedral micas in 
scattering X-rays, in conjunction with their relative position within 
the crystal lattice, cause the 0.5 nm peak of trioctahedral and Fe- 
rich dioctahedral micas to be relatively weak (Brindley and Brown, 
1980; Fanning and Keramidas, 1977). In a few instances in the study, 
random powder mounts were prepared from ground whole rock samples in 
order to distinguish biotite from muscovite by observing their d(060) 
spacing. The d(060) b-parameters for biotite and muscovite are .154 
nm and .150 nm respectively. The term illite will not be used here to 
describe mica-like minerals with small amounts of structural water. 
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Instead the term mica will be used with an appropriate modifier. 
Micas are unaffected by the various treatments used in this study for 
clay mineral identification. 
Chlorite. Chlorite indentification presents several problems in 
soils. Generally heat stable (550° C) d(001) spacings between 1.40 
nm and 1.44 nm correspond to chlorite. Slightly degraded primary 
chlorites, however, may collapse at this temperature. In this 
situation the degraded chlorite behaves much like chloritized 
vermiculite. An appropriate extraction technique may then be required 
if one wishes to characterize the nature of the "chloritic" material. 
Having established the presence of chlorite, one may attempt a rough 
compositional characterization by comparing the odd and even d(00L) 
peak heights and their responses to heat treatments. For the same 
reasons that the d(002) reflection of biotite is much reduced in 
intensity, trioctahedral chlorites, and in particular Fe-rich 
varieties, possess strong even order reflections. This is because in 
chlorites the two planes of octahedrally coordinated cations then 
diffract X-rays in phase. Additionally the relative intensities of 
the even ordered peaks to a chosen odd order peak (or peaks) may give 
some indication of the distribution of iron (or other heavy atoms) 
within the structure (Brindley and Brown, 1980). An intensification 
of the 1.4 nm peak accompanied by a weakening of higher order peaks 
upon heating to 550° C indicates the presence of primary chlorite. 
Often when subjected to 25, 300, 550° C treatments, weathered 
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horizons containing primary chlorite display a sequence of strong, 
weakened, and restrengthened 1.4 nm peaks (especially Fe-rich 
varieties). 
Vermiculite. Vermiculite is identified by a 1.4 nm peak when 
magnesium saturated (Mg-sat), which collapses to 1.0 nm upon 
potassium saturation (K-sat) at room temperature and expands to 
approximately 1.6 nm when sodium saturated and complexed with 
ethylene glycol (Na-glycol). Unlike smectites, Mg-sat vermiculites 
do not expand when glycerol solvated. 
Smectite. Smectite is identified by a 1.4 nm peak when Mg- 
saturated. Glycerol solvated, Mg-saturated smectite expands to 1.8 
nm, with well-ordered examples displaying higher order reflections. 
The smectite may or may not collapse upon K-saturation at room 
temperature depending on layer charge characteristics, but collapses 
completely at the higher heat treatments. 
Chloritized-vermicul ite (smectite). Expanded 2:1 layer silicates 
which possess an interlayer hydroxide component exhibit X-ray 
diffraction characteristics intermediate between primary chlorites 
and discrete vermiculite or smectite (Barnhisel, 1977). Mg-saturated 
samples exhibit a 1.4 nm peak at room temperature, but neither 
collapse to 1.0 nm upon K-saturation (unless heated) nor expand upon 
glycolation. The stability of interlayer material may be assessed by 
their resistence to heat treatments when K-saturated or by various 
i 
intensive extraction techniques (Tamura, 1958). 
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The extraction of interlayer material and exposing the layer 
charge characteristics of the 2:1 sheet silicate has been successful 
in several studies (Lord, 1979; Frink, 1965). Heat treatments cause 
successive dehydroxy 1ation of the largely aluminum-hydroxy polymers. 
The higher the temperature required to collapse the structure, the 
more extensive the development of the interlayers. Such treatments 
are simpler than extraction techniques, but yield less information. 
They also do not distinguish expanded phases in the process of being 
chloritized from primary chlorites in the process of losing their 
interlayer material, or any complex combination of the two. In 
addition, unless the diffractogram is obtained at the temperature of 
the treatment or from samples otherwise prevented from 
reequi1ibrating with atmospheric moisture, low charge 2:1 species may 
give erroneous d-spacings due to rehydration (Sawhney, 1960). It is 
not felt that the layer charge of the chloritized species in 
Massachusetts is low enough nor the hydrating properties of potassium 
great enough to cause concern over the possibility of significant 
sample rehydration. In this study weak, moderate, and strong 
interlayers will be recognized as follows: weak interlayers show some 
collapse at room temperature; moderate interlayers require 300° C to 
col lapse significantly; and strong interlayers require 550° C to 
collapse significantly. In the tables that follow, degraded primary 
chlorites, which can not be recognized as such, will be included with 
the chloritized vermiculites. 
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Kaol inite. Kaol inite is normally identified by the d(001) and 
d(002) reflections at .715 nm and .358 nm from oriented mounts. The 
d(002) and d(004) reflections of chlorites, however, overlap these if 
both minerals are present. In several instances the .358 nm peaks 
were able to be resolved due to good crystallinity. In horizons 
subjected to intense spodic leaching, chlorite was absent and in each 
case kaol inite was clearly present. In most other situations, 
however, positive identification was difficult and often 
inconclusive. Heating to 550 degrees C. destroys kaol inite; but in 
soils, chlorites often are weathered enough to succumb to this 
treatment also. 
Selected clays in this study were Na-saturated and treated with 
dimethyl su 1 f oxide (DMS0) in order to create an intercalated 
kaolinite-DMSO complex, which displays first and third order basal 
spacings of 1.12 nm and .372 nm. In cases in which kaolinite was 
unquestionably present, the procedure provided good supporting 
evidence. Unfortunately, in most instances the conclusion drawn was 
either that kaolinite was absent, present in amounts below the 
detection limit of the method, the complex did not form, or that the 
"curdled" effect produced by the procedure decreased the proportion 
of well oriented material. This last possibility was noticed when the 
diffractogram of one specimen suggested a very minor kaol inite 
presence; yet when the bulk of the clay was peeled from the slide, 
leaving just that protion in contact with the glass, a much stronger 
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reflection from the kaolinite-DMSO complex was obtained. 
Gibbsite. Gibbsite was detected at the 1% level by its d(002) 
reflection at .485 nm. When present in qreater quantity its d(110) 
reflection at .437 nm became apparent. The d(005) reflection of 
regularly interstratifed species with a superlattice spacing of 2.4 
nm and the d(003) reflection chlorite species with a d(001) near 1.44 
nm can make positive identification of small amounts of gibbsite 
difficult. To overcome this problem differential scanning 
calorimetry (DSC) was used to both verify and quantify its presence. 
The gibbsite dehydroxy 1ation endotherm is reported to occur between 
300 and 330° C using differential thermal analysis (DTA). Using a 
synthetic gibbsite prepared by Dr. John H. Baker (Plant and Soil 
Sciences Department) according to a procedure outlined by Frink and 
Peech (1962) an endotherm at 270° C was obtained. Several soil 
samples displaying unmistakable X-ray diffraction peaks for gibbsite, 
displayed an endotherm at precisely the same temperature. Most likely 
the discrepancy is due to an instrumental parameter and not to any 
mineralogical difference. 
Quartz. Quartz was identified primarily by its d(100) reflection 
since its primary d(101) reflection is superimposed on the .334 nm 
reflection of micas. 
Interstratified clay minerals. Regularly interstratified clays 
were identified on the basis of their superlattice peaks and higher 
order reflections, as well as on the response of the component layers 
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to the standard treatments. No attempt was made to detail the nature 
randomly interstratified minerals. 
The results of clay mineralogy have been summarized in Tables 3 
through 18. All X-ray diffractograms from which these were drawn 
appear in Appendix A. Some have been included in within the text in 
order to illustrate particular features. 
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Dry Hill Gneiss Pedon 
The Dry Hill pedon was initially selected to represent the 
Pelham granite described by Emerson (1917) as "... a granular mixture 
of quartz and potash feldspar ... streaked with trains of shining 
black biotite scales." More recent work by Ashenden (1973) renames 
the dominant rock types in this area the Dry Hill gneiss and Poplar 
Mountain gneiss. While biotite is the dominant sheet silicate in both 
rock units, minor amounts of muscovite as well as trace quantities of 
chlorite occur in some members. 
The coarse clay mineralogy of the Dry Hill pedon is dominated by 
chloritized vermiculite, which is most strongly expressed in the Bwl 
horizon. The strong first order relection at 1.4 nm , followed by 
much weaker higher order reflections is typical of this species. The 
combination of incomplete interlayer development and the 
compositional differences of the interlayer hydroxide phase and the 
octahedral sheet of the 2:1 component combine to produce this result. 
Upon collapse following heat treatment, the 2:1 layer components of 
the upper horizons produce significant reflections at .5 nm. This 
suggests that at least a portion of the collapsed 1.0 nm material is 
dioctahedral. Whether this is the result of an original dioctahedral 
component in the parent material or the transformation of trioctadral 
biotite through the removal of iron from the octahedral sheet is not 
certain. Within the BC and C2 horizons, however, the d(002) 
reflection of the 1.0 nm phase is barely perceptible even when 
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expanded phases are collapsed. This indicates either that the 
materials in these horizons more closely match those of the 
underlying Dry Hill gneiss, that the trioctahedral mica in the upper 
horizons has transformed to relatively iron poor dioctahedral 
vermiculite, or has decomposed and thus unmasked the presence of a 
smal1er dioctahedral component. This trend toward an increasingly 
dioctahedral nature of the 2:1 layer component in the upper solum has 
been noticed in many of the pedons studied. The presence of muscovite 
in the parent till of many of these, however, weakens the argument 
for a pedogenic origin of the dioctahedral characteristics of 
chloritized and discrete vermiculite within the solum. 
Ch1oritization, in addition to being most pronounced in the 
upper B horizon, also has progressed preferentia 1 1 y in alternate 
interlayer spaces of the expanded 2:1 layers. This is best 
illustrated by the BC horizon coarse clay (Figure 2). Upon K 
saturation the 1.2 nm shoulder is strengthened slightly at the 
expense of the 1.4 nm phase, indicating a minor vermiculite- 
chloritized vermiculite component. After heating to 300° C the 1.0 nm 
phase is significantly intensified and a strong 1.2 nm reflection i’s 
retained. The 1.0 nm peak is interpreted has having resulted from the 
addition of the original mica phase and a collapsed interstratified 
weakly chloritized vermiculite-mica phase. The 1.2 nm phase is 
believed to represent chloritized vermiculite, in which alternate 
hydroxy interlayers have collapsed. The expression of regularly 
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Figure 2. X-ray Diffractograms of Dry Hill BC horizon coarse clay. 
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alternating interlayer strength has been noticed in many of the 
pedons studied and probably relates directly to the mechanism of 
potassium removal from interlayer positions. In addition, the 
development of a significant superlattice reflection upon the 
collapse of the expanded phases suggests that structural and 
compositional changes have occurred in alternate layers to produce a 
2.1 nm unit cell spacing. These features are less well expressed 
above and below the BC horizon due to overdevelopment and 
underdevelopment, respectively, of the features involved. 
The dominance of unexpanded mica and completely expanded 2:1 
layer clay minerals in the BC and C2 horizons, accompanied by only a 
minor interstratified component, suggests a possible discontinuity in 
the weathering of the parent biotite. Ordinarily biotite weathers to 
vermiculite through a regularly interstratified phase. It may be that 
in the Dry Hill pedon both vermiculite and biotite were incorporated 
into the parent till. Vermiculite may have been derived from 
saprolitic materials and the biotite may have been abraded from fresh 
bedrock. Saprolite in the C2 horizon was observed in the field (see 
Appendix C, Dry Hill Pedon). An alternative explanation, assuming the 
mechanism of Norrish (1973) is true, might involve the relative rates 
of potassium removal from the interlayer space and the oxidation of 
structural iron in the parent biotite. If soil solution levels of 
potassium were low enough to al low significant potassium removal 
before structural iron became oxidized, vermiculitization may have 
43 
proceeded quite rapidly. Once octahedral iron became oxidized, 
however, either ferric iron or the proton associated with the 
hydroxyl directly adjacent to the interlayer potassium ion could be 
released from the structure to maintain charge balance. In either 
case the stability of the interlayer potassium might be enhanced due 
to shift in position or absence of the hydroxyl associated proton. 
This exp 1aination, however, requires zones within the horizon at 
different redox potential. 
A minor proportion of smectite is present in the A horizon 
coarse clay. Its presence in the same horizon with chloritized 2:1 
layer clays may indicate that it is concentrated in the upper portion 
of the horizon, while the chloritized material is more pronounced 
nearer the Bwl boundary. 
Kaolinite is present in minor to significant amounts in the 
coarse clay fraction throughout the Dry Hill pedon. The absence of 
chlorite makes indentification a simple matter. The reason for the 
higher kaolinite content of the solum with respect to the C2 horizon 
is not immediately apparent. Gibbsite is a significant component in 
the coarse clays of the Bwl and BC horizons, but a very minor one in 
the A and C2 horizons. The .406 nm reflection visible in the Bwl 
coarse clay diffractograms is due to the ceramic tile. 
The fine clays of the Dry Hill pedon are basically mixtures of 
expanded 2:1 layer clays with gibbsite. In the C2 horizon (Figure 3) 
gibbsite in minor quantity is present with discrete vermiculite and 
44 
Figure 3. X-ray Diffractograms of Dry Hill C2 horizon fine clay. 
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randomly interstratified mica-vermicu1ite. The coexistence of 
gibbsite and discrete vermicu!ite is unusual. It is possible that the 
gibbsite formed prior to the opening of interlayer space; was 
illuviated from an upper horizon as gibbsite, an organo-Al phase, or 
as dissolved aluminum which hydrolyzed and polymerized at the higher 
pH of the lower horizons. Gibbsite is present in much greater 
quantity in the BC horizon fine clay in which the major component is 
weakly chloritized vermiculite. In the Bwl and A horizons the 
gibbsite proportions are much less than that in the BC horizon and 
the ch1oritization of vermiculite is much more strongly developed. 
Kaolinite constitutes a minor proportion of the A horizon. 
Pauchaug Gneiss Pedon 
The Pauchaug pedon, like the Dry Hill pedon, has developed in 
till derived primarily from biotite rich gneiss. The site was 
chosen initially to represent the Monson gneiss of Emerson (1917). In 
more detailed mapping Balk (1956) described the Monson gneiss as a 
"... light gray, medium grained gneiss composed of quartz, 
microcline, sodic plagioclase and biotite." Balk also recognized a 
well foliated border phase containing quartz, sodic plagioclase, 
biotite and secondary muscovite and chlorite. This phase, described 
as being very susceptible to weathering, outcrops approximately 3 km 
NNW of the pedon site. 
In most respects the clay mineralogy of the Pauchaug pedon 
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closely resembles that of the Dry Hill pedon. There are, however, 
several noteable distinctions. The C horizon coarse clay of the 
Pauchaug pedon is "fresher" than that of the Dry Hill C2 horizon 
(Figure 4). Vermiculitization of the parent biotite has been minimal, 
and sodic plagioclase and amphibole are significant constituents. 
Whereas kaolinite was present in minor amounts in the C2 horizon of 
the Dry Hill pedon, its presence in the coarse clay of Pauchaug C 
horizon can not be substantiated due to a very minor chlorite 
component and the weakness of the .715 nm reflection. Perhaps even 
more significant is the 25% gibbsite content of the C horizon coarse 
clay fraction and its coexistence with the essentially unaltered 
minerals just mentioned. Assessment of the significance of this 
assemblage with respect to soil behavior must consider that the total 
clay content of this horizon is less than one percent of the fine 
earth fraction, which itself constitutes less than 75% of the whole 
soil. 
The coarse clay mineralogy of the BC horizon (Figure 4) is not 
transitional as one might expect. Essentially all biotite has been 
vermicu 1 itized and chloritized. This is in marked contrast to the BC 
horizon coarse clay of the Dry Hill, in which a significant biotite 
component persisited into this horizon. The coarser texture of the 
Pauchaug pedon and the more sodic character of the feldspar 
assemblage have probably acted to maintain lower potassium levels in 
the soil solution than might exist in the Dry Hill pedon. As noted 
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D-spacing (nm) 
Figure 4. X-ray Diffractograms of Pauchaug Gneiss Pedon coarse clays. 
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in the Dry Hill pedon, ch1oritization has developed a regularly 
interstratified sequence of strong and weak interlayer hydroxide 
phases. This feature is even more strongly expressed by the Bwl 
coarse clay fraction, in which the stronger interlayer hydroxide 
component persists at 550° C. 
The gibbsite content of both B horizons examined is significant. 
Since the coarse and fine clays were not fractionated during particle 
size analysis, it is not possible to calculate the absolute 
quantities of gibbsite in each horizon. However, an estimate based 
upon the total clay percentage and the individual gibbsite 
percentages obtained by DSC indicates that roughly equivalent amounts 
of gibbsite are present in the B and C horizons. 
A minor kaolinite component is present in both the A and Bwl 
horizons. The absence of chlorite appears to confirm this. The use of 
DMSO, however, while producing a sharp peak for the kaolinite-DMSO 
complex for the coarse clay of the A horizon did not do so for the 
Bwl horizon. The appearance of a sharp peak at 1.25 nm upon treating 
the Na saturated clays of the A horizon with DMSO is unexplained 
(Figure 5). It may have been that in the process of dehydrating the 
clays by treating them with the DMSO and heating to 90° C the 
vermiculite components of the sample were able to collapse. 
The fine clays of the Pauchaug pedon, like those of the Dry Hill 
pedon, are basically chloritized or discrete vermiculite in 
association with gibbsite. In the Pauchaug pedon, however, gibbsite 
50 
Figure 5. X-ray Diffractograms of Pauchaug A horizon coarse clay. 
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percentages are significantly higher. In the C horizon biotite 
persists, though a significant portion of the parent biotite has been 
vermiculitized and a portion of that has been weakly chloritized. 
Washington Gneiss and Tyringham Gneiss Pedons 
The Washington gneiss and Tyringham gneiss pedons were intended 
to represent the spodic analogues of the Dry Hill gneiss and Pauchaug 
gneiss pedons. These Proterozoic gneisses of the Berkshire massif 
were chosen on the basis of Emerson's (1917) map and rock 
descriptions. The Washington gneiss was reported to be a 
"...quartzite... largely disquised by the development of coarse 
/ 
blotches of biotite and a moderate amount of feldspar", and the 
Tyringham gneiss was described as a "coarse biotite gneiss." More 
recent work (Zen, 1983; Ratcliffe, 1974) has unravelled some of the 
complexities of the core rocks of the Berkshires. The Washington 
gneiss is now recognized as not only being biotite rich, but also to 
contain a significant muscovite component. The Tyringham gneiss is 
described as a "...biotite-quartz-plagioclase-microcl ine perthite 
meta-intrus i ve granitic gneiss..." (Ratcliffe, 1974). Just to the 
north of the Tyringham site several rock units differentiated from 
Emerson's original Becket gneiss crop out. Each of these is biotite 
rich and are not reported to contain muscovite. However, three 
kilometers northwest of the site muscovite bearing members of the 
Dalton formation do crop out. The clay fractions of these pedons 
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originally were not only rich in biotite but may also have contained 
a significant amount of muscovite. Since the clay mineralogy of the 
Washington and Tyringham pedons is very similar, a detailed account 
of only the Washington pedon results will be presented here. 
The Cr horizon clay of the Washington pedon exhibits several 
indications of possible pre-depositional weathering. The fine clay 
fraction is essentially a mixture of mica and kaolinite (Figure 6). 
The coarse cl ay fraction (Figure 7), while containing only a small 
percentage of kaolinite, contains a large proportion of regularly 
interstratified mica-chloritized vermiculite. The facts that in the 
field this horizon shows little sign of having been influenced by the 
current episode of soil formation, that within the extremely firm 
matrix are imbedded saprolitic boulders, and that biotite has 
persisted even in the fine clay fraction of the relatively loose C 
horizon of the Pauchaug pedon are further evidence that the clay 
mineral suite of the Cr horizon is in part the result of an earl ier 
round of weathering. The probability of this is also increased by the 
presence of minor to significant proportions of kaolinite in the 
coarse and fine clays of all horizons of both the Washington and 
Tyringham pedons, and in particular the nature of its presence in the 
fine clay of the Cr horizon of the Washington pedon. The roughly 3:1 
peak height ratio of the d(001):d(002) reflections for the 1.0 nm 
component suggests that muscovite is the major unexpanded 2:1 layer 
phase. The well ordered nature of the interstratified mica- 
Figure 6. X-ray Diffractograms of Washington Cr horizon fine clay 
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i 
Figure 7. X-ray Diffractograms of Washington Gneiss Pedon coarse clays. 
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chloritized vermiculite is demonstrated by the presence of the 
d(002) ,d(005), and d(007) reflections of the 2.4 nm superlattice. 
The BC horizon coarse clay mineralogy is transitional between 
those of the Bw and Cr horizons. The relative proportion of the fully 
expanded phase to the interstratified phase is greater here than in 
the Cr, where as in the Bw coarse clay essentially all 2:1 layer 
clays have expanded to 1.4 nm. The interlayers most recently opened 
appear not to be chloritized since a significant reduction and 
increase in the relative intensities of the 1.4 nm and 1.0 nm peaks 
respectively occur upon K saturation. It is assumed that the newly 
formed 1.4 nm constituent is derived from an inherited 
interstratified component and that the newly formed interstratified 
component is derived from the remaining unexpanded biotite. A great 
deal of confidence is sacrificed when a precise knowledge of the 
parent sheet silicate distribution is lacking. However, if muscovite 
is assumed to possess significant resistance to weathering, it may be 
concluded that the BC horizon is also transitional with respect to 
parent material. The drastic reduction in the 1.0 nm reflection of 
the Bw horizon coarse clay with respect to that of the BC horizon may 
indicate a more biotite rich-muscovite poor parent material. This, if 
true, may reflect that fact that the Tyringham gneiss crops out 
extensively just two kilometers northwest of the Washington pedon 
site. Unfortunately none of the characterization data are able to 
confirm or refute this suggestion. Another possibility is that the 
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solum contains remnants of still more highly weathered regolith than 
that comprising the Cr horizon. If one dismisses the initial 
assumption concerning muscovite's weatherabi 1 ity, then the problem 
becomes one of explaining muscovite's variable resistance to 
weathering in apparently similar environments. For example, muscovite 
persists to a minor extent as an unexpanded phase and to a 
significant extent as a part of an interstratified phase in the E 
horizons of several pedons examined in this study. Further comment on 
this relationship is reserved for the Cheshire pedon discussion. The 
Bsl coarse clay mineralogy closely resembles that of the Bwl horizons 
of the Dry Hill and Pauchaug pedons in that it is dominated by 
chloritized vermiculite with regularly alternating development of 
hydroxy interlayers. It differs in that the interlayers are much less 
stable to heat treatments and that gibbsite is absent. A very minor 
chlorite component is present in the sample, as it is in the coarse 
clay fractions of all the horizons below the Bsl. 
The interpretation of the Bhs horizon coarse clay mineralogy 
from the diffractograms obtained is not clear. The K saturated sample 
collapses to an apparent two component peak centered around 1.2 nm. 
The Mg saturated-g1ycero1 solvated sample reveals a minor 1.8 nm 
phase, a major 1.4 nm phase and a significant 1.2 nm phase. Upon 
heating to 300° C the entire mixture collapses to 1.0 nm. The 
expanded 1.8 nm phase is discrete smectite. The 1.4 nm phase is 
interpreted as regularly interstratified weakly chloritized 
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v erm i c u 1 i te-v erm i c u 1 i te. The 1.2 nm phase is regularly 
interstratified mica-weakly chloritized vermiculite. The double peak 
observed upon K saturation is believed to be due to the latter two 
components. The assemblage proposed probably represents a vertical 
transition through the thin Bhs horizon. 
The intensely leached E horizon is dominated by smectite in both 
the coarse and fine clay fractions. The collapse of the unchloritized 
smectite in the coarse clay fraction to 1.2 nm upon K saturation 
indicates a regular interstratification of layer charge (Figure 8). 
The smal 1 peaks observed at approximately 3.0 nm and 1.0 nm are most 
likely due to a regularly interstratified vermiculite-smectite. The 
vermiculite component of this species is probably transitional to the 
high charge member of the charge interstratified smectite. Other than 
the Washington and Tyringham pedons only one other pedon (Hawley 
formation) exhibited this behavior by the E horizon coarse clay 
fraction. 
As mentioned above the fine clay of the E horizon is also 
dominated by smectite. It appears, however, that the extent of layer 
charge reduction or possibly even potassium removal from interlayer 
positions has not progressed as far as in the coarse clay fraction. 
The 1.4 nm shoulder on the 1.8 nm smectite peak of the glycerol 
solvated sample may represent either an interstratified mica-smectite 
or a discrete vermicul ite. The apparent absence of a distinct 
shoulder at 1.2 nm and 1.0 nm in the Mg saturated-H20 solvated and K 
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Figure 8. X-ray Diffractograms of Washington E horizon coarse clay. 
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saturated diffractograms, respectively, precludes a decision on which 
phase is present. The very weak reflection at approximately 1.0 nm 
upon glycerol solvation may be due to persistant mica, but is more 
likely the d(003) reflection of regularly interstratified 
vermiculite-smectite. 
The response of the Bhs horizon fine clay fraction to K 
saturation indicates two possibilities. The small peak rising from 
the high spacing side of the fully collapsed vermicul ite at about 1.2 
nm may be due to a regularly alternating weakly chloritized 
vermiculite-vermicul ite. The other possibility is that it represents 
a low charge species, possibly a smectite similar to that present in 
the E horizon or an interstratified mica-smectite. These should 
exhibit some trace of a shoulder on the high spacing side of the 1.4 
nm Mg-glycerol solvated peak and low spacing side of the 1.4 nm Mg- 
H2O solvated peak respectively. While neither of these are 
immediately apparent, the shift in the center of the .485 nm peak 
upon glyceration to a position more closely related to the 1.4 nm 
spacing may indicate that this phase is an interstratified mica- 
smectite. The identity of this component, in either case, is a 
reflection of the pedogenic environment within the Bhs horizon and 
may warrant more careful consideration. 
The Bsl horizon fine clay fraction resembles its coarse clay 
counterpart except that the degree of chioritization is significantly 
less. This is in contrast to the interlayer strength relationship 
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between the coarse and fine clays of the Pauchaug pedon. A small mica 
component has persisted in the Bsl horizon fine clay of the 
Washington pedon. Even more noteworthy is the persistance a small 
amount of mica in the E horizon fine clay of the Tyringham pedon. 
These facts may further strengthen the argument presented earlier for 
a shift in the parent sheet silicate proportions between the BC and 
Bw horizons of the Washington pedon or may reflect a change in the 
pedogenic processes controlling mica weathering. 
Moretown Formation Pedon 
The Moretown pedon was originally chosen to represent a spodosol 
developed in till derived from the Savoy schist of Emerson (1917), 
i 
which he described as a "... muscovite or sericite schist, generally 
greenish from the presence of a little chlorite." In later mapping 
(Osberg _et_ aj_., 1971) it was renamed and redefined as the lower 
member of the Moretown formation. It is a "... fine-to-medium grained 
quartz-p1agioc1ase-biotite granulite and minor quartz-biotite- 
muscovite schist." The granulite contains minor muscovite and 
chlorite. The absence of a C horizon in this shal low pedon and the 
mixed sheet silicate mineralogy reported for the Moretown formation 
prevent a reasonable assessment of the lithologic controls on the 
clay mineralogy. For these reasons remarks will be brief and general 
in nature. 
The Bs3 horizon is a compacted horizon which rests directly on 
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Figure 9. X-ray Diffractograms of Moretown E horizon coarse clay. 
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weathered granulite. Soil formation has affected it unevenly. Some 
parts appear similar to the Bs2 horizon and others are quite fresh in 
appearance. The clay minerlogy deduced from the diffractograms 
represents a mixture of the properties of these parts. 
The presence of significant to major amounts of mica, probably 
muscovite, in both the coarse and fine clay fractions of the E and 
Bhs horizons is unique in this study (Figure 9). The presence of 
chlorite in the Bhs horizon coarse clay and the total collapse of the 
smectite, probably biotite derived, in the E horizon coarse clay at 
room temperature upon potassium saturation are also unusual for an 
apparently wel 1-developed spodosol. It is possible that tree throw 
has served to freshen the materials of this pedon from time to time. 
In addition, the high degree of randomness in the interstratified 
phase of the E horizon does not correspond to that observed in other 
good spodosols. 
Paxton Formation Pedon 
The Paxton Formation is an extensively mapped body of biotite 
schist and granulite, in association with calc-silicate granulite 
(Grew, 1973). The latter may contribute easily weatherable epidote 
and calcic amphiboles to the soil parent material. The paxton pedon 
has developed in materials derived from a dense relatively clay rich 
till. 
The outstanding features of the clay mineralogy of the Paxton 
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pedon are the strongly developed interstratification of the coarse 
clay 2:1 layer sheet silicates; the retention of a long-spacing 
superlattice by fully expanded 2:1 layer sheet silicates; the 
advanced stage of interlayer K removal from the coarse clay mica in a 
202 horizon, little affected by the present pedogenic episode; and 
the kaolinite rich fine clay fraction throughout the soil. 
The significant to major proportion of kaolinite in the fine 
clay as well as its significant presence in the coarse clay fraction 
/ 
of the 202 horizon and probable minor presence throughout the coarse 
clay fraction of the solum is an indication that it is not the 
product of modern soil genesis. That the mica component of the 202 
fine clay should be so fresh, while a large proportion of the coarse 
clay mica has lost potassium from interlayer positions is noteworthy 
(Figures 10 and 12). If the coarse clay parent biotite was 
vermicu1itized post-depositional ly, then there is good reason to 
believe the fine clay would have been also. However, if the stripping 
of interlayer potassium of the coarse clay took place prior to its 
incorporation into the till and the opened 2:1 layers were not 
protected by hydroxy interlayers (as is now the case in the 2Cr2 
horizon), it is doubtful that a fine clay vermiculite could persist 
for long. It is concluded, therefore, that all significant weathering 
of clay size material in the 2Cr2 horizon of the paxton pedon took 
place prior to its deposition. In addition, all unexpanded mica 
components now present in both the coarse and fine clay fraction of 
68 
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Figure 10. X-ray Diffractograms of Paxton 2Cr2 horizon coarse clay. 
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the horizon were either abraded from fresh rock or are muscovitic, 
and the expanded 2:1 layer components of the coarse clay, along with 
the kaolinite fraction, were inherited either from a previous glacial 
deposit or a saprolitic regolith. A consequence of this theory is 
that the current criteria used for the recognition of "old" till by 
appearance and apparent weathering characteristics should be used 
with caution. 
Within the solum vermicul itization has resumed from the "pre¬ 
weathered" starting point expressed by the 202 horizon. In the 
Bw3 coarse clay fraction regularly interstratified mica-vermiculite 
has had the potassium remaining in alternate interlayer positions 
removed and previously opened interlayers have been weakly 
chloritized. The intially small vermiculite component has been weakly 
chloritized and a fraction of the unexpanded mica component has 
opened to produce an interstratified mica-weakly chloritized 
vermiculite. 
Within the Bwl all biotite derived 2:1 layer components have 
fully expanded to 1.4 nm and have been weakly to moderately 
chloritized (Figure 11). The small 1.0 nm reflection, accompanied by 
a .5 nm reflection is most likely due to a minor muscovite component. 
The unusually well developed long-spacing superlattice peak at 2.8 nm 
and equally well expressed higher order reflections is a direct 
result of the preweathered condition of the 2:1 layer material. 
Although both the Dry Hill and Pauchaug Bwl coarse clay fractions 
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Figure 11. X-ray Diffractograms of Paxton Bwl horizon coarse clay. 
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possessed ful 1y expanded 2:1 layer material, neither of these has 
developed a well organized long-spacing superlattice, replete with a 
series of higher order reflections. Lord (1979) made a similar 
distinction between the clays of his "upper" and "lower" till derived 
soils. An explanation may involve the effect of positively charged 
hydroxy interlayers upon the continued depotassication of regularly 
interstratified mica-vermiculite. If the hydroxyl dipole mechanism of 
Norrish (1973) is valid, then the stability of interlayer potassium 
is greatly enhanced by the removal of potassium in the adjacent 
interlayer. The freedom imparted to the proton of the hydroxyls 
directly adjacent to potassium atoms in the unexpanded component to 
move away from the interlayer strengthens the bond of potassium to 
the oxygen of the tetrahedral sheet. The precipitation of positively 
charged A1-hydroxy polymers onto the opened interlayer surface may 
reverse this effect and thus recreate the competitive charge 
environment near the potassium ions of the unexpanded component. 
Thus the interstratif ied mica-vermicul ite of the 202 horizon 
coarse clay developed in an environment condusive to depotassication 
but not to ch1oritization. The result was a cessation of interlayer 
opening at the regularly interstratified stage. Upon exposure to soil 
formation, aluminum released to solution from weathering mineral s 
found a ready "sink" in the expanded interlayers. The "headstart" 
provided the fully expanded phase in the chioritization process 
accentuated the differences between alternating layers, which remain 
72 
Figure 12. X-ray Diffractograms of Paxton Formation Pedon fine clays. 
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apparent even after the previously unexpanded phase has released its 
potassium and itself begun to be chloritized. Whether the extent of 
chioritizaton is the only structural or chemical difference between 
the two components of the 2.8 nm phase is not certain. 
The fine clay fractions of the Paxton pedon (Figure 12), in 
addition to possessing a significant to major kaolinite content, 
exhibit a major 2:1 layer phase. As mentioned above it is essentially 
unaltered mica in the 202 horizon. Some apparently random opening of 
the lattice with perhaps some weak ch1oritization has occurred in the 
Bw3 horizon. Within the Bwl and A horizons the major portion of the 
mica has expanded to 1.4 nm and has developed moderately stable 
hydroxy interlayers. The small portion which remains unexpanded may 
be due to a minor muscovite component in the original mica fraction. 
Partridge Formation Pedon 
The partridge formation in the vicinity of the pedon site was 
described by Field (1975) as a "... biotite-si 1 1 imanite-garnet- 
cordierite schist with a brown- and yellow-weathering crust 
[containing] several per cent pyrrhotite." Also abundant is "... a 
slabby granulite composed largely of quartz and plagioclase, with 
biotite, garnet, rare sillimanite, and sulfides." The precise 
location of the pedon is at the western edge of the Paxton formation, 
but north and west of the site is the Partridge formation. 
The clay mineralogy of the Partridge pedon, in as far as the 
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aspects investigated here, closely resembles that of the Paxton 
pedon. Well developed regular interstratification of mica and 
weakly chlortized vermiculite is a major component of the coarse clay 
fractions of the lower horizons. With proximity to the surface it is 
progressively vermicul itized such that in the A horizon the major 
sheet silicate is interstratified weakly and moderately chloritized 
vermiculite. Unlike the Paxton 2Cr2 coarse clay discrete vermiculite 
layers in the interstratified material are not present in the C 
horizons of the Partridge pedon. Due to the friability of these 
horizons post-depositional weathering has produced chloritized 
interlayers. 
The presence of minor to significant quantities of what appears 
to be muscovite is curious. Field (1975) reported it to be present in 
trace quantities in only some of the collected rock specimens from 
the area. The presence of quartz in major proportions throughout the 
coarse clay fractions of the soil may be related to the unexpectedly 
high muscovite content and may indicate that the materials in the 
Partridge pedon are quite mature from a weathering perspective. The 
effect of the oxidation of the significant metal sulfide component in 
the Partridge formation on the clay mineralogy of this pedon is not 
certain from the work done. Judging from the rapid decomposition of 
recent exposures of fresh rock (Field, 1975), it is reasonable to 
assume that prior to the Pleistocene epoch areas underlain by this 
formation possessed a deep saprolitic regolith. The possibility 
76 
remains, however, that the source of the muscovite is in more distant 
rock types. 
Related to the apparently elevated proportions of muscovite and 
quartz in this pedon is the possibly significant to major kaolinite 
content in the fine and coarse clay fractions of each horizon. 
Unfortunately more specific treatments for the differentiation of 
chlorite from kaolinite were not performed on these samples. Upon 
heating to 300° C the Cl horizon coarse clay appears to confirm the 
presence of a significant proportion of kaolinite (Figure 13). The 
minor 1.4 nm peak produced upon heating the sample to 550° C, 
however, indicates that a very minor chlorite component it present. 
Like muscovite, Field (1975) reported chlorite to be present in only 
trace amounts in a few rock specimens examined from the area. Should 
the chlorite be extremely iron rich and slightly disordered it may be 
possible that the ordinarily weak odd order reflections might become 
undetectable. This then would cast some doubt on kaolinite as the 
source of the 0.715 nm reflection. This same problem exists for the 
coarse clay fractions of the Paxton pedon, but in no case is it 
certain that the 1.4 nm reflection disappears at the moderate heat 
treatment. In light of the above statements, kaolinite is tentatively 
recognized as significant in the coarse clays of the Partridge pedon. 
The major difference in the clay mineralogy of the Paxton pedon 
and the Partridge pedon is the more pronounced presence of gibbsite 
in the Partridge pedon. Though the small .485 nm peak in the 
77 
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Figure 13. X-ray Diffractograms of Partridge Cl horizon coarse clay. 
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diffractograms of the Bwl and Bw2 coarse clay samples may be due to 
the regularly interstratified phase, a distinct d(002) gibbsite 
reflection is present in the A, Bwl, and Bw2 fine clay 
diffractograms (Figure 14). In each case a small d(110) reflection 
was observed at .437 nm. The greater proportion of gibbsite in the 
Partridge pedon in comparison to the Paxton pedon, though both 
possess a roughly equivalent and relatively high clay content 
available to act as a "sink" for Al-hydroxy species released upon 
weathering, may have been due to the large amounts of acidity 
produced when the iron sulfides of the Partridge pedon began to 
oxidize. As long as sulfide was present the aqueous phase bathing 
?+ 
these materials was poised by the sulfide redox potential and Fe 
remained the stable form of iron (Stumm and Morgan, 1970). Any 
oxidation of iron was quickly reversed since ferric iron would serve 
as the electron acceptor for any sulfur phase less than fully 
oxidized and in the process would produce more acidity. 
Under the highly acidic conditions produced by this process the 
rapid release of aluminum from more labile minerals and its 
subsequent hydrolysis and polymerization was perhaps more than could 
be accomodated by the available interlayer space. The result of this 
may have been the precipitation of gibbsite as a discrete phase. 
After the oxidation of the sulfide, ferric oxides were able to form; 
and while perhaps not chemically complexed with the clay, they may 
have physically blocked Al-hydroxy from the interlayer space. 
79 
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Figure 14. X-ray Diffractograms of Partridge Bwl horizon fine clay. 
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Hoosac Formation Pedon 
The predominant facies of the Hoosac formation in the pedon area 
is a fine to medium grained albite-quartz-white mica schist with 
accessory chlorite and biotite. The white micas are muscovite and 
sericite, the latter possibly being paragonite (Herz, 1961). The 
pedon was chosen to assess the transformations of muscovite in a 
spodic environment. 
The clay mineralogy of the dense Cr horizon is dominated by 
unexpanded mica in both the coarse and fine fractions. A smal 1 
portion of the fine clay mica has been slightly hydrated and 
kaolinite represents a significant proportion of this sample. The 
coarse clay fraction contains little kaolinite, but does possess a 
small but significant proportion of chlorite. A minor regularly 
interstratified mica-weakly chloritized vermiculite is also present. 
The absence of paragonite in the Cr horizon clay fraction was 
expected due to the ease with which it becomes hydrated. The presence 
of its transformation product in one of the expanded components of 
the sample is possible. This assemblage of clay minerals closely 
resembles that described in the dense till Cr horizons of the 
Washington and Paxton pedons, except that the mica of the Hoosac Cr 
coarse clay has expanded to a much less extent. In fact the degree to 
which interstratification has developed is directly proportional to 
the original biotite content of these three pedons (Figure 15). In 
addition, kaolinite represents a larger proportion of the fine clay 
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HOOSAC FORMATION 
0,2 - 2 um 
1.42 
1.20 
D-spacing (nm) 
Figure 15. X-ray Diffractograms of Hoosac Formation Pedon coarse clays. 
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of the Paxton Cr horizon. While the implications of these 
observations remain speculative, it appears that the weathering 
effects observed in the clays of these dense till Cr horizons are 
inherited and are fine tuned by the relative proportions of the 
primary sheet silicates from which they are derived. While the coarse 
clay mineral assemblage may "freshen" with depth (Newton, 1978), this 
may be a reflection of glacial dynamics rather than a profile of post 
depositional weathering. 
The clay mineral assemblages within the solum of the Hoosac 
pedon show several features somewhat different from those of the 
biotite-rich pedons already discussed. The well developed spodic 
characteristics, which extend to the upper boundary of the Cr 
horizon, may also have influenced the these assemblages. The Bs3 
horizon coarse clay shows a large reduction in the proportion of 
unexpanded mica. This fact was surprising at first, since it was 
expected that muscovite might exhibit greater resistance to 
weathering within the lower B horizon. A random powder X-ray analysis 
of a finely ground bedrock sample from near the pedon site yielded 
peak height ratio for the .5 nm and 1.0 nm reflections of 0.36, and 
for the .2 nm and 1.0 nm reflections of 0.27. If an ideal muscovite 
structure is assumed, one might expect slightly higher values 
(Brindley and Brown, 1980). This same random powder diffractogram 
also revealed a significant chlorite content. The d(060) reflection 
of muscovite at .150 nm confirmed its presence. A smaller d(060) peak 
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at .154 nm may have been due to a combination of the chlorite, 
quartz, and biotite. Thus, a very smal 1 biotite component may have 
been present. It is not believed to be responsible, however, for the 
shift of a large proportion of the 1.0 nm peak present in the Cr 
horizon coarse clay to 1.2 nm in the Bs3 horizon. It is most likely 
represented by the small interstratified phase in the Cr horizon 
coarse clay assemblage. Possible explanations for the apparent ease 
with which the first alternating set of interlayers are removed from 
the major mica component of the Hoosac pedon may be: 1) that a 
lithological discontinuity exists between the Cr and Bs3 horizons, 
with the latter possessing a larger initial biotite content; 2) that 
muscovite is not as resistant to depotassication as was thought; or 
3) that the muscovite species present is not ideal, and may possess a 
degree of interlayer cation ordering in which sodium is concentrated 
in alternate interlayers. 
Textural data and total elemental data do not support the 
contention that a lithological discontinuity exists between the 
solum and the Cr horizon, though this data is nonspecific for the 
problem. An optical examination of the sheet silicate mineralogy 
would be more conclusive. The fact that a small portion of unexpanded 
mica persists even into the E horizon fine clay of this soil seems to 
dispute the idea that an ideal muscovite should release interlayer 
potassium readily upon exposure to weathering. The possibility that 
sodium ions have replaced potassium to some extent in alternate 
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interlayers remains a possibility provided the replacement is not 
extensive (Barshad, 1950). If the latter case was true, such a 
mineral might be expected to hydrate immediately upon exposure to a 
moist environment; and this is not the situation observed in the Cr 
horizon of the Hoosac pedon. 
The 1.0 nm peak intensity of the Bsl coarse clay is indicative 
of continued opening of the dioctahedral mica's alternate interlayers 
to produce a significant to major mica-1.4 nm regularly 
interstratified phase. It is not certain what proportion of species 
producing this reflection have chloritized interlayers. The presence 
of a strong 2.4 nm reflection, which was not present in the Bs3 
coarse clay diffractogram, indicates that the interstratified phase 
has developed better order. The strengthened 1.4 nm reflection in the 
Bsl coarse clay may be due to vermiculite derived from chlorite. The 
much reduced intensity of the higher order peaks for this spacing, as 
well as the decreased primary chlorite proportion apparent upon 
heating support this. It is also possible, however, that the further 
expansion of the 1.2 nm phase and dissolution of the chlorite could 
produce this result. 
Chlorite is absent from the Bhs horizon coarse clay. The 
coupled reduction in the 1.4 nm peak intensity suggests that a 
chlorite derived vermiculite fraction, like that possibly present in 
the Bsl coarse clay, is not stable in the Bhs horizon. It is assumed 
that the 1.4 nm reflection remaining in this sample is due to fully 
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expanded biotite and muscovite. The small smectite component may be 
derived from the biotite. 
Very little further stripping of potassium from the interlayers 
of muscovite is evident in the E horizon coarse clay in comparison to 
the Bhs horizon. The main effect of the more prolonged and intense 
leaching regime of the E horizon has been to lower the charge of the 
remaining 2:1 layers (Figure 16). The reflections produced by this 
sample may be interpreted at least two ways. One is that the expanded 
phases represent discrete smectite and regularly interstratified 
mica-smectite. The 1.8 nm and 1.2 nm peaks and the slight shoulder to 
the low spacing side of the 1.0 nm peak would then correspond to the 
d(002), d(003), and d(004) reflections of a 3.6 nm superlattice (not 
visible), the layer charge of which is unequally distributed between 
alternate interlayers and the 2.8 nm and 1.4 nm peaks would be due to 
the 1.8nm/1.0nm superlattice of interstratified mica-smectite. 
Alternatively, the 1.2 nm reflection could represent a very small 
mica-vermicu 1 ite component. In this case the shoulder to the low 
spacing side of 1.0 nm is not recognized, nor is the existence of a 
3.6 nm super 1attice. Otherwise the interpretation is similar. The 
unique feature of this E horizon's coarse clay mineralogy is the 
persistence of unexpanded mica layers in a well developed spodosol. 
This fact is attributed to the presence of muscovite as the major 
parent sheet silicate. 
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Figure 16. X-ray Diffractograms of Hoosac E horizon coarse clay. 
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Within the solum chioritization of interlayer space has occurred 
to a very limited extent within the Bs horizons of both the coarse 
and fine clay fractions. Kaolinite is significant in all the fine 
clay fractions of the pedon. In the coarse clay fraction it appears 
to become more significant with proximity to the surface. It is 
uncertain whether this is due to a combination of its being inherited 
from the parent material and the attrition of trioctahedral sheet 
silicates or to its formation in place as part of the current soil 
forming process. Both suggestions may be true. 
In most respects the fine clays parallel the coarse clays 
(Figure 17). Two differences, however, are noticeable. The Bhs fine 
clay sample appears to have a higher proportion of fully expanded 2:1 
layer material than the E horizon. This may be attributable to more 
complete dissolution of trioctahedral ly derived expanded phase(s) 
within the E horizon. This process appears to be one step ahead in 
the fine clay fraction, with the more labile chlorite derived phase 
having dissappeared in the Bsl horizon. 
The other salient difference is that the 1.2 nm and 1.4 nm 
components of the E horizon fine clay do not further expand upon 
glycerol solvation. The reason for this is not certain. It may be 
that layer charge has not been sufficiently reduced or that potassium 
has not been completely removed from interlayer positions. 
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1.41 
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Cheshire Quartzite Pedon 
The Cheshire quartzite is predominantly a relatively pure white 
to light gray massive quartzite (Herz, 1958). Near its stratigraphic 
top the quartzite is less pure and probably represents an original 
arkose, the original feldspar of which has since been kaolinized. 
Muscovite constitutes a minor proportion of this part of the Cheshire 
quartzite. It is over this facies of the rock that the Cheshire pedon 
lies. Other major source rocks for the pedon, which outcrop just 
north and north west of the site location, are the more typical pure 
quarztite just described, the muscovite ruch arkosic quartzites of 
the Dalton formation, and to a less extent the Washington gneiss. It 
is expected that the Cheshire pedon, then, represents a coarse 
textured spodosol possessing muscovite as its major primary sheet 
silicate. Minor amounts of biotite, however, are reported in the 
Dalton formation and both biotite and chlorite are present along with 
muscovite in the Washington gneiss (designated Hinsdale gneiss by 
Herz (1958)). 
The effect of kaol inized alteration products within the Cheshire 
quartzite on the mineralogy of this pedon is immediately apparent in 
the C horizon clay fractions (Figure 18). Kaolinite constitutes a 
major proportion of both the coarse and fine clay and has been 
obviously inherited from the friable bedrock, which is present within 
a meter of the surface in the vicinity of the pedon. It is clear from 
the strong complex formed between DMSO and kaolinite in the coarse 
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Figure 18. X-ray Diffractograms of Cheshire C horizon coarse clay. 
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clay fraction that chlorite is responsible for only a small portion 
of the .7 nm and .35 nm peak intensities. While kaolinite is 
significant in both clay fractions throughout the solum, it has been 
diluted somewhat by the incorporation of purer quartzites. The 
similarity of the diffractograms obtained for the Cheshire E horizon 
with respect to kaolinite in the clay mineral suite to those of other 
spodic E horizons is noteworthy. In the Cheshire pedon its expression 
is primarily a direct result of the dilution of 2:1 sheet silicates 
by quartz, whereas in most other spodic E horizons the enhanced 
proportion of kaolinite is probably due to attrition of more labile 
sheet silicates. 
The progression of mica weathering in the coarse clay, and to a 
lesser degree in the fine clay, of the Cheshire pedon is distinctive, 
but not unique among the spodosols studied (Figure 19). In the Cr 
horizon coarse clay unexpanded dioctahedral mica is the major 2:1 
layer sheet silicate. In the Bs2 horizon this mica has fully expanded 
and been weakly and moderately chlortized in alternate interlayers. 
The 2.8 nm superlattice reflection may be due to this alternating 
development of interlayers or to structural alternations of the 2:1 
layer component. That this long-spacing effect is so weakly expressed 
after the collapse of the interlayer hydroxide upon heating may 
indicate that the former is true. 
A reversal in the extent of potassium removal from the mica 
interlayer is observed in the Bsl horizon. Here a significant 
94 
CHESHIRE QUARTZITE 
0.2 - 2 un 
1.42 
D-spacing (nm) 
Figure 19. X-ray Diffractograms of Cheshire Quartzite Pedon coarse 
clays. 
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proportion of the original mica component has transformed to a well- 
ordered regularly interstratified mica-vermicul ite with no 
appreciable chioritization of the expanded phase. This reversed 
depotassication trend is continued into the Bhs horizon, where the 
interstrati fed phase appears even better ordered. In the E horizon 
the removal of interlayer potassium has progressed to a more advanced 
stage than in either the Bhs or Bsl horizons, but not yet to the 
extent observed in the Bs3 horizon. 
It is unlikely that such a drastic shift in resistance to 
depotassication between the Bsl and Bs2 horizons can attributed to a 
difference in parent sheet silicates. In any case the less resistant 
sheet silicates, biotite and chlorite, reside in the more distant 
formations contributing materials to the till and would be expected 
to exhibit their greatest influence in the upper horizons. It is 
perhaps also possible that the interstratified material in the upper 
B horizons was protected by a simple blocking mechanism brought on by 
the accumulation of illuviated spodic materials. This, however, does 
not explain the persistance of a significant proportion of unexpanded 
mica layers in the E horizon. A more likely explanation may involve 
both the ch1oritization and podzolization processes active in this 
coarse textured pedon. 
The rapid release of interlayer potassium from the muscovite of 
the Bs3 horizon is not surprising considering the low potassium 
status and rapid permeability of the Cheshire pedon. That this 
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occurred as a two step process is indicated by the two levels of 
hydroxy interlayer stability mentioned above. It was proposed earlier 
that a possible explanation for the absence of well developed regular 
interstratification in the Dry Hill and Pauchaug pedons, as opposed 
to its strong development in the Paxton and Washington pedons, may be 
due to the effect of positively charged aluminum-hydroxy polymers on 
the disposition of charge around the remaining interlayer potassium 
ions. This mechanism is again invoked to explain the complete 
vermiculitization of mica in the Bs3 horizon. With the onset of 
podzolization free aluminum-hydroxy complexes are replaced to a large 
extent by organically complexed aluminum species and any "free" 
dissolved aluminum wou1d be in an exchangeable unhydrolyzed Al ^ + 
state in the extremely acid condtions common to spodic horizons. 
These conditions would prevent the formation of chloritized aluminum 
interlayers (Rich, 1968). The presence of aluminum in the interlayers 
as an exchangeable hydrated cation would probably not effect the 
charge distribution within the 2:1 layer to the same extent a 
coordinated non-exchangeable complex would. The end result of this 
then is to stabilize the remaining potassium interlayers. 
According to the above reasoning the situation observed in the 
Cheshire pedon may be explained as follows. Aluminum released to 
solution upon the initiation soil formation entered interlayer 
positions and precipitated as Al-hydroxy complexes. This enhanced the 
depotassication process and produced fully expanded chloritized 
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vermiculite. The extent to which this occurred was limited by the 
progression downward of the products of podzol ization. Once highly 
acidified and rich in organic chelators unexpanded mica continued to 
lose interlayer potassium, but the process was stalled at the 
interstratified level because the remaining potassium interlayer 
phase was not destabilized by further chioritization. 
Unlike the smectite and mica-smectite of the Hoosac pedon (the 
other spodosol derived from muscovite rich till), the smectite phases 
of the Cheshire pedon do not collapse completely upon potassium 
saturation at room temperature. Slight structural and chemical 
differences may be the reason for this. More likely, however, the 
coarse texture and quartzitic nature of the materials has caused a 
more rapid reduction in layer charge. 
The fine clays of the Cheshire pedon exhibit the same trends as 
the coarse clays, though it appears that the vermiculitization 
process proceeded more rapidly. The result is that only the E horizon 
and C horizon fine clays possess unexpanded potassium interlayers. 
Everett Formation Pedon 
The Everett formation in the vicinity of the pedon location is 
an albite-almandine-chloritoid-chlorite-muscovite-ilmenite schist 
(Zen and Hartshorn, 1966). Paragonite is also reported to be a minor 
constituent of the lower grade metamorphic assemblages at and around 
the site. The pedon was chosen to assess the transformation products 
of both chlorite and muscovite in a frigid soil temperature regime. 
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The coarse clay mineralogy of the coarse clay fraction of the Cr 
horizons confirms the dominance of chlorite and muscovite as the 
parent sheet silicates. A series of reflections at .96 nm, .48 nm, 
and .32 nm indicate the presence of at least one other significant 
component. A portion of the .32 nm peak intensity is probably due to 
albite, at least in the lower horizons. The remaining portion most 
likely is the result of the d(003) reflection of a mineral with a 
basal d-spacing of .96 nm (Figure 20). Paragonite is an accessory 
mineral of the rocks in this area and possesses a d(001) spacing of 
similar d-spacing. The later has been identified in chlorite and mica 
schists (Deer et a 1 ., 1962; Battey, 1972), though its occurance is 
rare. From the information available it is not possible to 
characterize this mineral in detail. Though the relative intensities 
of these three reflections are distinctly different for the two 
minerals, overlapping reflections from muscov ite, chlorite, and 
albite make direct comparisons impossible. In any event sodium 
substitutes rather freely into margarite interlayer positions and the 
effect of this on relative peak intensities is not known to this 
writer. The response of this mineral to current soil formation, 
however, may provide a good clue to its true nature. 
Paragonite is essentially muscovite with the smaller sodium ion 
replacing potassium as the charge balancing interlayer cation. Finely 
divided paragonite easily hydrates (Deer _et a_l_., 1962; Barshad, 
100 
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Figure 20. X-ray Diffractograms of Everett Cr2 horizon coarse clay. 
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1950). It is extremely unlikely that such a mineral species could 
remain unexpanded into the A and E horizons of the Everett soil, when 
the bulk of the muscovite in the sample has lost its interlayer 
potassium. On the other hand, while margarite contains Cad in its 
interlayer positions, charge balance is maintained by increased 
aluminum substitution for silicon in the tetrahedral sheet. The 
increased electrostatic attraction between the interlayer cation and 
the layer structure may more than compensate for the increased 
hydration energy of the small divalent calcium ion. In addition, the 
highly corrugated outer surface of margarite's tetrahedral sheet 
allows for the shortening, and thus strengthening, of the interlayer 
cation bonds with tetrahedral oxygen (Takeuchi, 1966). Giese (1979) 
calculated hydroxyl orientations for a variety of micas and found 
that .margarite's octahedral hydroxyl made an angle of less than 10° 
from the (001) plane. This would further enhance the stability of the 
interlayer cation position. The presence of slightly more calcic 
plagioclases in similar rocks of slightly higher metamorphic grade 
southeast of the pedon site (Zen and Hartshorn, 1966) may be evidence 
of a margarite-1 ike mineral in the pedon's parent rock source. It may 
be that it is a sodium rich variety, in which a sufficient amount of 
aluminum substitution has occurred in the tetrahedral sheet to 
provide the increased resistance to expansion observed for this 
mineral. With increased sodium content, however, the required degree 
of aluminum substitution for silicon is diminished. It is uncertain 
102 
whether alternative charge compensating mechanisms, such as lithium 
in the octahedral sheet or hydroxyl for oxygen, would allow a locally 
high negative charge imbalance to be maintained near the surface of 
the 2:1 layer (Deer _et aj_., 1962). 
Characterization by X-ray diffraction of chlorite alteration 
during soil formation is complicated by factors such as : the initial 
composition of the primary chlorite, uncertain effects on the 
diffractive properties of only very slightly altered chlorite, 
dioctahedral ch 1 oritization of in itial ly trioctahedral interlayer 
hydroxide, the as yet uncertain mechanisms involved in heat induced 
structural transformations, and the possible presence of kaolinite in 
the sample. Many of these may be circumvented by other methods, but 
the time and effort required is beyond the scope of this broadly 
based survey. As a consequence only a limited amount of useful 
information can be gained from the results obtained. 
Based on the relative intensities of its first four order 
reflections, the coarse clay chlorite of the Everett pedon is most 
likely only a slightly iron enriched variety in which the heavy atoms 
are well distributed between the interlayer hydroxide sheet and the 
octahedral sheet of the 2:1 layer (Figure 20). Upon heating to 550° C 
the coarse clay chlorites of the Cr horizons exhibit much intensified 
1.4 nm reflections but essentially lose their ability to produce .715 
nm reflections. On the other hand, the BC horizon coarse clay 
chlorite, while also displaying an intensified 1.4 nm peak at 550° C, 
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retains its .715 nm reflection. This trend is not maintained in the 
horizons above the BC horizon, though this is more the result of the 
much diminished proportion of chlorite in the more weathered horizons 
than its inability to produce a .715 nm reflection. This phenomenon 
was observed, to different degrees, in all the chlorite rich pedons 
(see Nassau, Stockbridge, Littleton, and Hawley pedons). Brindley and 
Chang (1974) proposed a mechanism to explain, not only the much 
intensified 1.4 nm reflection, but also the long-spacing superlattice 
exhibited by magnesian chlorites which have been heated to 650° C. 
They suggest that dehydroxy 1ation of the interlayer brucite sheet 
acts to create two different arrangements of oxide between alternate 
2:1 layers; one in which the metal cation is positioned at the 2:1 
layer surface and the other in which it maintains its position midway 
between the 2:1 layers, separated by the diameter of its coordinated 
oxygen atoms. While Brindley and Chang suggest that this 
"interstratificat ion" of interlayer phases may be controlled by 
simple electrostatic effects or by the directed action of dipoles 
within the 2:1 layer component, they refrain from speculating on its 
cause. However, the response of the chlorites in this pedon, and 
others in this study, suggest that the conditions required may be 
enhanced by slight weathering. If interlayer hydroxide is 
preferential ly attacked in alternate interlayers, then perhaps the 
reorganization process of the remaining hydroxide upon 
dehydroxy 1 at ion is sufficiently different from the less weathered 
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hydroxide sheet in the adjacent interlayer to produce a structure 
factor more conducive to producing odd order reflections of the 
superlattice. 
The proportion of chlorite remaining in the coarse clay 
fraction decreases significantly in the Bw horizons and is absent in 
the E and A horizons. It is difficult to assess whether or not the 
interlayer hydroxide sheet is being weathered preferentially to the 
octahedral sheet of the 2:1 layer. The drastic reduction of the 1.4 
nm reflection and creation of a broad 1.2 nm peak upon heating the 
Bw2 coarse clay to 300° C may represent an interstratified chlorite- 
collapsed chloritized vermiculite (Figure 21). It is just as likely, 
however, that it is chlortized vermiculite derived from the mica in 
which alternate interlayers have been strongly chloritized. 
It is clear in any case that unaltered chlorite does not persist 
into the upper horizons. It is also clear that the dioctahedral mica, 
so abundant in the Cr horizons, is being stripped of its interlayer 
potassium at a rate similar to that observed in the Hoosac pedon. The 
development of a strong d(002) reflection of the 2.4 nm 
interstratified mica-vermicu1ite superlattice characterized the 
Hoosac pedon. Though the Everett pedon's muscovite also appears to be 
passing through an interstratified phase, the d(001) reflection is 
more pronounced than the d(002) reflection, which is manifested only 
as a shoulder on the low-spacing side of the 1.4 nm peak. In 
addition, a portion of the 2.4 nm reflection may be superimposed upon 
105 
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Figure 21. X-ray Diffractograms of Everett Bw2 horizon coarse clay. 
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a broad 2.8 nm long spacing reflection of the 1.4 nm phase. The 
results, then, seem to indicate that the muscovite interlayers of the 
Everett pedon are weathering either more readily than or less 
preferentially along alternate interlayer planes than those of the 
Hoosac pedon. 
The clay mineral assemblages of the elluvial A and E horizons 
are.similar to those encountered in other podzolized soils. The 
extent of layer charge reduction in the E horizon coarse clay, 
however, does appear to be less than that observed in analogous 
situations. Only a portion of the fully expanded component in this 
sample further expands upon glycerol solvation. The remaining 1.4 nm 
fraction and the interstratified phase do not. More typical behavior 
is observed for the A horizon, in which nearly the entire 1.4 nm 
phase expands to 1.8 nm upon glyceration. It is uncertain whether any 
of the smectite phase in these two horizons can be attributed to the 
transformation of the parent chlorite. Upon potassium saturation all 
the expanded phases collapse quite readily to 1.0 nm at room 
temperature and the diffractograms produced strongly resemble those 
of the Cr horizons with the chlorite component removed (Figure 22). 
In spite of the intense weathering environment characteristic of 
eluvial horizons of podzolized soils, the mineral designated sodium- 
rich margarite has suffered very little alteration. Some reduction in 
its relative proportion in the A horizon may be an indication that 
aluminum is being removed from the tetrahedral sheet. Once this 
EVERETT E 
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Figure 22. X-ray Diffractograms of Everett E horizon coarse clay. 
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occurs it is expected that the margarite would readily hydrate. 
Gibbsite is an important mineral in the lower B horizons of the 
Everett pedon. Cambic B horizons with clay contents near 10% have not 
been found to possess significant amounts of gibbsite (e.g. Paxton 
pedon). If biotite dominates their parent sheet silicate fraction, 
significant amounts of interlayer space are available as aluminum 
"sinks", either at the onset of or very early in the current soil 
forming process. It is possible that muscovite remains unexpanded 
through an initial phase of rapid aluminum release from fresh mineral 
surfaces of newly deposited till, thus allowing gibbsite to 
precipitate as a discrete phase. 
Kaolinite is recognized as a minor to significant component in 
the clay fractions of this pedon only when chlorite has been 
destroyed. DMSO failed to confirm its presence in the Bwl fine clay 
fraction, even when chlorite was apparently absent and its presence 
in the coarse clay fraction was confirmed by the resolution of its 
d(002) reflection from the much reduced d(004) chlorite reflection. 
Nassau Formation Pedon 
The Nassau pedon has developed in materials very similar to 
those of the Everett pedon. As a result most aspects of its clay 
mineralogy are also very similar. The rock type (Mettawee member) of 
the Nassau formation at the pedon site is a siliceous chloritoid- 
chlorite phyllite (Zen, 1983). Prindle and Knopf (1932) described the 
S
O
IL
 
N
A
M
E:
 
N
A
SS
A
U
 
FO
R
M
A
T
IO
N
 
109 
U 
c 
3 
"3 
'O 
x 
3 
s. 
D 
t/» 
-O c= 
o 
ui 
-a 
S 
-X 
I 
3. 
o 
w 
u 
o 
a 
u 
a. 
4- 
m CVJ CM CM CM 
tn X • X 1 X 1 X 1 
u umcvi rn •—< ro *T ^4 •-* 
3 o 
JZ E o o o» o> a> o> o» o> C7> 3> 
w VT i. 1. u u u £• u i- U U 
o i <3 <3 'TJ 'TS 'O 'O fT3 <T5 /T3 
EES B E E E E E E E 
U 1 1 l i i i i • i i 
U *0 'TJ «T3 'O <Q 
> z z Z z Z Z z z z Z 
M 
*-» 
w rn ro CM 
-o 1 l 1 
3 CM CM *—4 ^■4 
O 
« 
i/» ro *r 
-O I i r- 
-O CVJ CM CM rn CM m 
o 
c 
o 
■o W 
•— o 
CJ 'O 
w 
o *3 
t 
CD 
4J •»* 
-T3 «4- 
Nl •»— 
••— 4J 
U -o 
•»— u 
W 4^ 
o 
u 
D 
w 4J 
«—* 3 
CD 
4-> 
•*— >> • 
4-> 
U 
a 
4-) U 
3 -a a» 'o S- 
E u 3 fC 
E 
i/i -X o O 3 
—- ro -3 L. 3» 
o o 4-» U E 3 
4_* 
5 E yi L 
3) oo 
•— a> 
3 
U 
2 E w 
cn 
s 
C o 
a) r— 
> (T3 
*3 $- 
3 t/1 <d 
N| 3 o D c **» w a — 4J 
u *«— o •r— 
— C •— o u. 
W **- vn •— 
o »— -O jZ 3» 
O J3 CL W 
-C *o — E 'O CJ CT3 U -X 3» 'O £= 4-J 
a; 
im 
-O 
-O 
< 
> a» 4J o 
L. «/» u u 
o »— -O -z '■a D 
— o jd a E cr c n *r3 £ i j5 o o ^ o c ^ 
z T3 
a> 
o. 
o Q. 
CD 
4-> <v c: QJ 
4U 
••“ 
D »— CD 
> 
o o 
O 4-» 3 *3 Z • r“ 
> 4-> o •»— o 4_> 
o •— •— 4-» >^‘— 
n3 U 4-J O £ c-» w 
o «— u D 1— u E 3 — £ O £ 3 D S- S J3 O > (/> ^4- *— 
*4- O 
S- D D Ll_ 
O E c-) = ^ 
U D — S- D 3 
'/I 4- JC D E wrt '—• 3 
r du>^ D rn ^ o H3 
•— ^ o CO 
w (/l 
fT3 
o 5 -a 
JZ *3 O 23 
<-> 3 4-J 
u 
o 
a. 
o 
U 
a. 
*3 
a» 
a; **3 
*— zi 
jo ^ 
T3 U 
c a> 
o 
— 3 
*o 
-o 
3 4-> 
3 O 
cr z 
*3 »*- 3 
U*— 4-j 
*3 aj 3 
<e -a .a 
u •— 
3»«^ U. 
O i/l *J 
o *c u. z 
c/1 DO 
32 3 -‘-j <-> 
W » -W C 
z z >* *0 *— >> 
-O 3-0 3 '•s 
VJ C *** >0 E 
—■ •*- ^ *3 •— 
— = Z Z E 3 
L •*- L 3 4J - 3 ^ 
>* O Z O "3 3 "3 — 
3 3 3>*^“> 3 U >n Z «Q 
oj •*- •— -n 3 3 *3 *— 
>E*'»Eo.a.£u,o 
— V*. 
ro 
a; 
UJ — pg ro v irm o ♦ x 
u. 
c/i 
< 
o J 'w 
I 
UJ 
no 
rocks in this part of the Taconic range as phyllites "... crowded 
with chloritoids in a sericitic and chloritic matrix." The reference 
to sericite, as in the Hoosac formation, suggests a fine grained, 
easily hydrated white mica (Bates and Jackson, 1980). The Nassau 
pedon is moderately deep and, unlike the Everett pedon, does not have 
a dense till substratum. 
Not only are the types of parent sheet silicates of the Nassau 
pedon similar to those of the Everett pedon, so are their relative 
percentages. The margarite component appears, however, to be slightly 
more prominent in the Nassau pedon. It again retains its high 
resistance to expansion. An A horizon is not present in this soil, so 
it was not possible to confirm its initial lability in the more 
intense leaching environment of such a horizon. As in the Everett 
pedon the expansion of the muscovite (sericite) appears to have 
proceeded through an interstratified stage, but one with less order 
than that expressed in the Hoosac pedon. The response of the expanded 
2:1 layer component in the E horizon coarse clay to glycerol 
solvation also parallels that of the Everett pedon. Whereas the mica 
lattice expands quite readily within the environment of these sol urns, 
layer charge reduction within the elluvial E horizon has not 
progressed to the extent observed in the Hoosac E horizon coarse 
clay (Figure 23). To transform an expanded muscovitic mica to 
smectite layer charge must be reduced by removal of aluminum, 
probably from the tetrahedral sheet (Borchardt, 1977), and this can 
Ill 
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Figure 23. X-ray Diffractograms of Nassau E horizon coarse clay, 
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occur only under conditions of low soil solution aluminum activities. 
In the very acidic soil solution of podzolic E horizons appreciable 
total dissolved aluminum activities can be expected until only the 
most resistant solid phases remain. The chlorite rich parent clay 
fraction of soils in the Taconic range may be expected to prolong the 
time required to reduce aluminum activities to the point required for 
its removal from the tetrahedral sheet of expanded muscovite, and 
hence transformation to smectite. High total iron, much of which is 
present in very labile minerals, may also compete favorably with 
aluminum in complexation with organic chelating agents. This might 
further retard the reduction of aluminum activity in the soil 
solution. 
Though gibbsite was not quantified by DSC for the Nassau pedon, 
it appears to be present in even greater quantity here than in the 
Everett pedon (Figure 24). The reason for this may be due to the more 
friable nature of the soil materials. Whether the gibbsite formed in 
situ from aluminum released from weathering minerals or from aluminum 
translocated downward through the profile from a zone of more active 
weathering to a zone lacking significant interlayer space, a porous 
medium likely enhanced the process. In any case the sequence and 
location of events associated with aluminum hydroxide precipitation 
appear to be important. 
The mineralogy of the fine clay fractions of the Nassau pedon 
resembles that of the coarse clay, but possesses several distinctive 
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Figure 24. X-ray Diffractograms of Nassau Formation Pedon fine clays. 
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characteristics. The expanded 2:1 layer phases of the E horizon 
further expands upon glycerol solvation. Though the process of layer 
charge reduction has begun in the coarse clay fraction, the greater 
surface area of the fine clay has allowed this to proceed more 
rapidly. The fine clay contains a smal 1 er proportion of margarite 
throughout the pedon, though its relative proportion with respect to 
the other constituents remains fairly constant. This may be 
attributed either to its greater hardness relative to other sheet 
silicates and thus its greater resistance to communition or to its 
original size distribution within the parent rock. It certainly is 
not related to its ability to persist in the fine clay fraction. 
Stockbridge Formation Pedon 
The Stockbridge pedon actually is developed from the transported 
materials of the Nassau, Stockbridge, and Wallomsac formations. It 
was chosen to represent a pedon containing a primary sheet silicate 
assemblage similar to the Nassau formation; the alteration of which 
has been ameliorated by the influence of the calcareous rocks of the 
Stockbridge formation. A more precise declaration on the nature of 
the parent sheet silicates, without supporting optical mineralogical 
work, is more speculative here than for the other pedons. The BC 
horizon coarse clay diffractograms, however, indicate that the 
relative proportions of mica, chlorite, and margarite are quite 
similar to those of the Nassau pedon C2 horizon. The margarite 
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proportion, however, is significantly smaller. 
The striking feature of the coarse clay mineralogy of the 
Stockbridge pedon is the freshness of the minerals throughout the 
solum (Figure 25). The modest increase in the 1.4 nm peak intensity 
with proximity to the surface indicates that either a small mica 
derived chloritized vermiculite is present or that the primary 
chlorite has been slightly altered. The Bwl horizon contains a minor 
mica-vermicu 1 ite interstratified phase, which apparently is not 
chloritized. This suggests that slightly degraded chlorite is 
responsible for the intensification of the 1.4 nm peak. The Ap 
horizon does, however, appear to contain a minor amount of 
vermiculite. This may represent the further expansion of the mineral 
responsible for the minor interstratified phase of the Bwl horizon. 
The segregation of this component from the bulk of the mica phase 
with respect to the depotassication process may indicate that a minor 
amount of pre-weathered material was incorporated into the till. More 
likely is that a minor biotite component has preferentially been 
stripped of its interlayer potassium, leaving the major muscovite 
component unaffected. Herz (1958) reports biotite, along with 
muscovite and chlorite, in his Berkshire schist (now Wallomsac 
Formation) just to the north of the pedon site. 
A difference similar to that noted between the BC horizon and 
Crl horizon coarse clay chlorites of the Everett pedon exists in the 
Stockbridge pedon. Upon heating to 550° C the slightly altered 
3T0CKBRIDGE FORMATION 
0.2 - 2 um 
Figure 25. X-ray Diffractograms of Stockbridge Formation Pedon 
coarse clays. 
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Figure 26. X-ray Diffractograms of Stockbridge Bw2 horizon fine clay. 
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chlorites in the upper horizons retain their .715 nm reflections, 
whereas the chlorite of the relatively fresh BC horizon does not. 
The fine clays of the Stockbridge pedon are considerably more 
altered than the coarse clays. Though kaolinite is not reported, it 
may be present in minor quantity. An acid treatment of the degraded 
chlorite of the fine clay fractions may proove to be diagnostic for 
kaolinite here. Significant to minor proportions of vermiculite are 
present in the fine clay of the Crl, BC, and Bw2 horizons (Figure 
26). This vermiculite has been weakly chloritized in the upper 
horizons. It is believed that both the discrete and chloritized 
vermiculite is biotite derived, since the decreased 1.0 nm reflection 
intensity is roughly proportional to the increased 1.4 nm reflection 
intensity. The chlorite, which has not shown a strong tendency to 
weather preferential ly at interlayer positions in the soils studied, 
is thought to be weathering to a highly disordered phase and is 
represented in the fine clay diffractograms of this pedon as a 
diffuse band of scattered radiation in the high-spacing range (Figure 
26). 
Littleton Formation Pedon 
The Littleton formation is an aluminous phyllite in the vicinity 
of the pedon site. Accounts of the rock's sheet silicates are 
somewhat vague. Emerson (1917) described this rock as "... a black 
slate, composed of a felt of microscopic scales of mica." 
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Concentrations of biotite, sericite and muscovite are reported in 
crysta 1 1ob1asts (Balk, 1956b). An optical indentification of the 
parent sheet silicates in the till is necessary to the task of 
adequately assessing lithological controls on the clay mineralogy of 
this pedon. 
The BCr coarse clay mineralogy, however, indicates that chlorite 
and dioctahedral mica are the major sheet silicates incorporated into 
the till. Based solely upon the peak height ratio of the 1.0 nm and 
0.5 nm reflections, a less significant biotite component is also 
probably present. The peak ratios of the chlorite suggest that it is 
slightly enriched in iron, which is well distributed between the 
interlayer hydroxide and 2:1 layer octahedral sheets. Low-spacing 
shoulders on the 1.4 nm reflections of the Bw2 horizon and Bw3 
horizon coarse clay diffractograms develop upon heating to 300° C 
(Figure 27). In most cases chloritized vermiculite displays a 
discrete peak upon the initiation of collapse. The feature displayed 
by these horizons may indicate preferential attack on the interlayer 
octahedral sheet of the chlorite. This was observed only in some 
inceptisols rich in chlorite. 
The distinctive feature of this pedon's clay mineralogy is the 
abundance of gibbsite throughout the subsoil. As in the Everett and 
Nassau pedons little open interlayer space appears to have been 
available upon the onset of the current soil forming process. The 
resistance of the coarse clay dioctahedral mica to expansion, the 
122 
Mg 
LITTLETON Bw2 
coarse clay 
.463 
.353 
.426 
.715 
Figure 27. X-ray Diffractograms of Littleton Bw2 horizon coarse clay. 
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chlorite's tendency not to produce fully assessable interlayer space 
upon partial weathering, and the small proportion of expanded biotite 
probably all contribute to maintain this situation to some extent. 
In the fine clay fractions of the subsoil chlorite has become 
highly disordered. Most of the mica has fully expanded and been 
chloritized. It is not clear whether the inability of the 1.4 nm 
phase of the A horizon fine clay to collapse completely at room 
temperature upon potassium saturation is due to a highly disordered 
chlorite or to a weakly chloritized vermiculite. 
Kaolinite is judged to be present in minor quantities in the 
upper solum based upon the resolution of chlorite and kaolinite peaks 
at .35 nm. DMSO did not confirm this. The weak reflection at .372 nm 
in the Bw3 coarse clay sample is believed to be the K-beta reflection 
of mica+quartz. 
Hawley Formation Pedon 
The Hawley formation is a complex rock unit comprised of several 
members (Osberg et aj_., 1971). In each of these, however, chlorite is 
the principal sheet silicate. Muscovite is a minor constituent of the 
most widespread facies. Biotite is not reported present in the 
Hawley members outcropping north and west of the pedon location. 
Adjacent to the Hawley formation, however, is the biotite rich 
Moretown formation, which does outcrop extensively in these 
directions and may have contributed significantly to the initial clay 
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size fraction of this soil. The pedon represents a well developed 
spodosol developed in a relatively chlorite rich till. 
The ratio of the relative peak intensities of the parent 
chlorite of the Hawley pedon indicates that iron occupies less than 
half its octahedral positions. This contrasts with the iron rich 
chlorites of the Everett and Nassau pedons. This fact may also be 
significant in determining the degree to which the podzolization 
process has progressed in this pedon relative those with iron rich 
chlorites in their clay fraction. 
The coarse clay of the Cr horizon indicates a large amount of 
chlorite along with very significant proportions of muscovite and 
regularly interstratified mica-weakly chloritized vermiculite. It is 
uncertain whether the reduction of the 1.4 nm reflection intensity 
upon heating to 300° C is due to the collapse of mica-derived 
chloritized vermiculite or partially vermicu 1 itized chlorite, or 
caused by some undefined structural change within the chlorite. The 
question of whether chlorite is weathering preferential ly along 
interlayers is difficult to answer in clays containing significant 
mica and mica derived transformation products. Lord (1979) extracted 
interlayer aluminum hydroxy with sodium citrate from samples 
containing the weathering products of primary chlorite. He found that 
upon potassium saturation and heating to 200° C the extracted samples 
produced much stronger .715 reflections. This indicates the primary 
chlorite's interlayer space had been partially dioctahedra1ized. 
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Whether this is the preferred pathway for chlorite degradation in 
Massachusetts soils, however, is far from certain. In the Cr horizon 
fine clay fraction of the Hawley pedon chlorite comprises a much 
smaller proportion of the sample than in the coarse clay fraction and 
is effectively absent in the solum. The 1.4 nm reflections observed 
for the fine clays of the solum are most likely mica derived. No 
tendency for chlorite verm'icul itization is apparent. 
The presence of interstratified mica-vermiculite in the coarse 
clay of the Bhs horizon may represent a situation analagous to that 
described in the Cheshire pedon in which the suppression of 
interlayer development in the spodic environment has allowed 
potassium to remain in alternate interlayers (Figure 28). It is 
probable that interlayers were able to form in the Bsl horizon more 
quickly than spodic characteristics were able to extend into this 
horizon because of the abundance of easily weatherable aluminum in 
the hornblende and chlorite in the till derived from the Hawley 
formation. This might explain the absence of the interstratified 
phase in this horizon. 
The E horizon clay mineralogy is identical to that obtained for 
the Washington E horizon. It is probable that the smectite phases 
present in the Hawley pedon are completely mica derived. 
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1.42 
Figure 28. X-ray Diffractograms of Hawley Formation Pedon coarse 
clays. 
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Martha's Vineyard Moraine and Riverhead Outwash Pedons 
The Martha's Vineyard and Riverhead pedons were sampled in the 
Fall of 1981 as part of a general soil characterization program under 
the direction of Dr. Peter Veneman of the Plant and Soil Sciences 
Department, University of Massachusetts. Their location at the 
terminus of the last Pleistocene ice sheet makes them natural choices 
for assessing the extent to which pre-1 ate-Pl eistocene weathering 
products can be incorporated into modern soil parent materials. 
The Martha's Vineyard pedon is thought to have been developed in 
a loose ablation till overlying a dense stratified till associated 
with glacial trusting of earlier glacial and proglacial deposits 
(Kaye, 1964; Oldale, 1982). The solum is limited to the upper member 
of this sequence. Nearby are exposed similarly thrusted Cretaceous 
and Tertiary coastal plain deposits. The Riverhead pedon has 
developed in glaciof1uvia1 materials deposited in front of the ice 
mass responsible for the morainal deposits of the Martha's Vineyard 
pedon. The solum of this pedon most likely contains some locally 
derived eolian material. 
If the products of pre-late Pleistocene weathering are to be 
present in any of the soils of Massachusetts, they should be most 
prominent in deposits nearest the furthest accessible position of 
glacial advance. Here the erosive power of the ice and the extent of 
flushing by successive glaciations was at a minimum. 
The clay mineral assemblages of both pedons are very similar to 
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one another. Except for that fact that kaolinite constitutes a 
significant to major proportion of the coarse and fine clay fractions 
for all the horizons of both pedons, they are also very simi 1 ar to 
the Littleton pedon with respect to clay mineralogy. The kaolinite of 
these pedons is wel 1-crystal 1 ized. Its d(002) reflection is in all 
cases easily resolved from the d(004) reflection of chlorite and 
DMSO-kaolinite complexes were observed for all the samples treated 
(Figure 29). The coexistence of a significant kaolinite component 
with primary chlorite in the Ap horizon of the Martha's Vineyard 
pedon is an indication that the parent materials of this pedon are a 
mixture of fresh and highly weathered constituents. 
A significant proportion of gibbsite is present in the sol urns of 
both these pedons. As is the case in other inceptisols of the region, 
it is most prominent in the fine clay fraction of the lower B 
horizons. Its absence in the C horizons of these soils suggests that 
it is not inherited from the parent materials, but has formed during 
the current soil forming process. Its presence in the fine clay of 
the extremely acid elluvial E horizon of the Riverhead pedon in 
conjunction with discrete vermiculite is curious (Figure 30). This is 
probably an indication that the gibbsite was formed rapidly upon the 
initiation of soil formation; before the opening of mica interlayer 
space and before an appreciable accumulation of organic matter at 
ground level. 
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MARTHA'S VINEYARD Cr4 
______——_- D-spacing (nm)- 
Figure 29. X-ray Diffractograms of Martha's Vineyard Cr4 horizon 
coarse clay. 
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D-spacinq (nm) 
Figure 30. X-ray Diffractograms of Riverhead E horizon fine clay. 
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MARTHA'S VINEYARD CrI 
coarse clay 
Figure 31. X-ray Diffractograms of Martha's Vineyard Crl horizon 
coarse clay. 
i 
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The minor to significant 2.4 nm superlattice reflection (Figure 
31) obtained upon heating the BC horizon and Crl horizon coarse clays 
of the Martha's Vineyard pedon to 550° C may be evidence for 
interstratif ied ch 1 orite-ch loritized vermiculite, in which the Al- 
hydroxy interlayer is moderately stable. It is possible, but 
unlikely, that this phase represents strongly and moderately 
chloritized vermiculite. This is discounted by the weaker development 
of chloritized interlayers in the Bw3 horizon. 
The high proportion of quartz in the coarse clay fractions of 
all the horizons of both pedons is probably another indication of the 
high degree of mineralogical maturity that these materials had 
attained by 1ate-P1eistocene time. In one respect it is perhaps 
surprising that even more kaolinite is not present in the clay 
mineral assemblages of these soils, since the clay fraction of the 
displaced Cretaceous and Teritary strata of Gay head and presumably 
the till underlying the more recent till and outwash deposits 
comprising these pedons is nearly pure kaolinite . If the 
kaolinite reported present in the other pedons included in this study 
is also assumed to be inherited, it is reasonable to suggest that it 
comprised a significant proportion of the pre-glacial soil and 
saprolitic regol ith of Massachusetts. 
CHAPTER V 
CONCLUSIONS 
As hypothesized on the basis of soil investigations in 
neighboring regions and the preglacial and glacial environments which 
probably prevailed in southern New England, the clay mineralogy of 
well-drained Massachusetts soils developed in till is dominated by 
transformation products of the primary sheet silicates incorporated 
into the fine fractions of the till and is modified somewhat by the 
persistence of relict products of earlier weathering episodes. The 
presence of neo-formed gibbsite, however, was not anticipated. The 
association of gibbsite with the late stages of weathering (Jackson 
and Sherman, 1953) has led some investigators to assume that its 
presence in "young" soils is inherited (Bourbeau and Swanson, 1954), 
or when found in soils derived from various Pleistocene deposits to 
relate its presence to relative soil age (Levine and Ciolkosz, 1982). 
This was not the case for the soils of this study. Instead the parent 
till lithology and prevailing pedogenic processes dictated the extent 
of gibbsite formation. 
The abundance of sheet silicates in the metamorphic and igneous 
rocks of the region, the relative softness of these minerals, and the 
wel 1-recognized resiliency of the sheet silicate structure allowed 
the lithology of the parent till clay fraction to be equated with the 
sheet silicates of the till's source rocks. Biotite, muscovite, and 
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chlorite are, as one would expect, the predominant primary sheet 
silicates incorporated into the tills of central and western 
Massachusetts. A less common 0.96 nm d(001) micaceous mineral was 
present in the soils of the Taconic Mountains. Each of these has 
responded in a slightly different way to soil formation and in so 
doing they have created soil clay mineral assemblages which can be 
roughly correlated to parent till lithology. 
Biotite and muscovite depotassication in most soils occurred 
rapidly within the solum. The low pH and low levels of potassium in 
the soil solution were apparently sufficient to mask the greater 
expected resistence of muscovite to intial interlayer opening. This 
difference did become noticable, however, during the removal of the 
second "set" of interlayers of regularly interstratified mica- 
vermiculite. In such cases (see Hoosac and Washington pedons), 
muscovite derived species retained this second set of interlayers 
even in the intense leaching environment of spodic E horizons. 
Biotite expanded fully under similar conditions. 
The greater ease with which biotite intial ly loses interlayer 
potassium versus muscovite became apparent in C horizons which 
appeared to have been subjected to pre-holocene weathering, but 
relatively unaffected by modern soil formation. The Cr horizons of 
the Paxton and Hoosac pedons are good examples. Both horizons possess 
fine clay fractions rich in unexpanded mica and kaolinite. The coarse 
clay fraction of the biotite rich Paxton pedon is dominated by 
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interstratified mica-discrete vermiculite, whereas the coarse clay of 
the muscovite rich Hoosac pedon is predominantly unexpanded mica. In 
the lower B horizons of these soils this difference is quickly 
obscured. 
The major variation in mica interlayer opening, however, was 
displayed by the 0.96 nm brittle mica present throughout both the 
coarse and fine clays of the pedons sampled in the Taconic Mountains. 
More work is required to properly characterize this mineral, but it 
has been tentatively identified as margarite. The high layer charge, 
corrugated tetrahedral sheet surface, and low octahedral hydroxyl 
dipole angle of margarite combine to make it a logical choice. The 
possibility that it is paragonite is based on that facts that this 
mineral has been reported present in the schists and phyllites of the 
Taconics (Zen and Hartshorn, 1966) and has been reported in soils 
(Cook and Rich, 1962). 
The fate of chlorite in the soil clays examined is unclear. 
Differentiation of vermiculitzed chlorite from expanded micas is very 
difficult. If the hydroxide interlayer has been partially degraded, 
its col lapse upon heating may give the appearance of a choritized 
expanded mica. Extraction of aluminum-hydroxy interlayers (Lord, 
1979) may unmask some degraded chlorites. Perhaps the best clue to 
the fate of chlorite in these soils is provided by the fine clays of 
the Stockbridge pedon. While the peak for chlorite remains throughout 
the profile, it progressively broadens with proximity to the surface. 
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Upon heating only a small broad peak remains atop a background of 
non-coherent1y scattered radiation from a disordered chlorite 
lattice, with little indication of collapse to 1.0 nm. Perferential 
attack of interlayer hydroxide does not appear strong in this case. 
In the intensely weathered E and Bhs horizons of spodosols, chlorites 
are dissolved or reduced to amorphous gels. On the other hand, 
evidence provided by Lord (1979) and the behavior of the 1.4 nm 
reflection of the Bw3 horizon coarse clay of the Littleton pedon 
upon heating to 300° C suggests that interlayer hydroxide may be 
attacked preferential ly in coarse clay chlorites of moderately acid 
horizons. 
Perhaps the major contribution of chlorite to the presentday 
clay mineralogy of Massachusetts soils are the amorphous 
decomposition products of its breakdown. It was also observed that 
inseptisols with significant chlorite contents in the parent till 
also contained the most gibbsite in their corresponding B horizons. 
This may have been due to the facts that chlorite released aluminum 
to the soil solution upon its relatively rapid breakdown and that 
muscovite was often associated with chlorite in these soils. The 
greater resistence of the latter to interlayer opening may have 
forced aluminum to precipitate as a discrete phase. 
Whereas hydroxy interlayers precipitated on open interlayers may 
have accelerated the release of interlayer potassium in some 
interstratified mica-ch1 oritized vermiculites of this study, most 
140 
accounts of their effect claim that potassium's access to expanded 
and partially chloritized interlayer space is greatly restricted by 
the interlayer material(Rich, 1968). This would no doubt be true of 
the reverse situation in which partially depotassicated mica might be 
protected from further release of interlayer potassium by the 
blocking effect of Al-hydroxy. The mechanism proposed earlier for 
rapid gibbsite formation prior to mica expansion, and subsequent 
inter 1ayering of the mica after it has expanded must attempt to 
explain why the depotassication process does not appear to have been 
hindered at all in soils which would have been actively producing 
aluminum hydrolysis products. Turner and Brydon (1967) found that 
aluminum inter layered montmori11onite suspensions released its 
hydroxy interlayers when the suspensions were seeded with gibbsite. 
Barnhisel and Rich (1963) noticed that gibbsite formed at lower pH 
when the reacting solution was seeded with montmori11onite. That the 
surface of expanded 2:1 layer minerals can act as a catylst in 
coordinating hydrolzed aluminum species seems clear. It may well be 
that in the case of some Massachusetts inceptisols the gibbsite 
present upon the initiation of mica expansion served as a better, or 
at least a more abundant one in terms of surface area, template for 
the aluminum hydroxy comp 1exation. Upon further collapse this 
competitive advantage may have diminished. 
In summary, lithological controls on the clay mineralogy of 
till-derived soils are in effect, though the magnitude of the 
141 
differences they directly produce are not great. Of more significance 
are the indirect influence these primary sheet silicates have on the 
basic background processes, such as depotassication and chloritiz- 
ation, and their relative rates. Kaolinite is the most unique 
inherited constituent of pre-holocene weathering. Its presence is 
most often explained by the special circumstances in which it appears 
most abundantly. These include materials derived most directly from 
the deeply weathered, kaolinized Cheshire Quartzite; the Martha's 
Vineyard soils, which are influenced by Tertiary coastal plain 
deposits; and the Paxton and Partridge Pedons, both of which are 
derived from pre-depositionally weathered materials and derived from 
bedrock formations very suspectible to weathering. 
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SOIL NAME: Dry Hill gneiss 
CLASSIFICATION: Typic Dystrochrept (coarse-1oamy over sandy, mixed, 
mesic) Canton series 
DATE SAMPLED: July 22, 1983 LOG NOS.: 83001-83007 
LOCATION: Wendell, Franklin Co., MA 
Horizon Depth (cm) Description 
Oi 
Oe-Oa 
A 
(83001) 
Bwl 
(83002) 
Bw2 
(83003) 
2-0 intact and little broken litter predominantly 
of beech, but with a minor red maple, white 
birch, and red oak component; abrupt smooth 
boundary. 
0-4 black (2.5YR 2.5/1) partially humified litter 
over a thin black (10YR 2/1) well humified 
layer with some bleached sand grains; 10-15% 
graded gravel size rock fragments; many very 
fine, fine, and medium and few coarse roots; 
extremely acid; abrupt wavy boundary. 
4-13 dark brown (10YR 3/3) fine sandy loam; very 
weak fine granular structure; very friable; 10- 
15% graded gravel size and small cobble size 
rock fragments; many very fine, fine and 
medium, and few coarse roots; extremely acid; 
abrupt wavy boundary. 
13-29 yellowish brown (10YR 5/8) fine sandy loam; 
very weak fine granular structure; very 
friable; 15% graded gravel size and small 
cobble size rock fragments; many very fine and 
fine, and common medium and coarse roots; very 
strongly acid; clear wavy boundary. 
29-42 light olive brown (2.5Y 5/6) fine sandy loam; 
massive; very friable; 15% gravel size rock 
fragments; many very fine and fine, and common 
medium and coarse roots; very strongly acid; 
clear wavy boundary. 
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BC 
(83004) 
Cl 
(83005) 
C2 
(83006) 
C3 
(83007) 
42-66 Olive (2.5Y 5/4) gravelly fine sandy loam; 
massive; slightly firm in place, friable in 
hand; 20% graded gravel size rock fragments; 
common very fine, and few fine and medium 
roots; very strongly acid; clear wavy boundary. 
66-84 olive gray (5Y 4/2) loamy fine sand matrix, 
with contorted bands of light olive gray (5Y 
6/2) sandy material and dark gray (5Y 4/1) 
silty material; massive; slightly firm in 
place, and friable to slightly firm in hand; 
15% graded gravel size rock fragments; few fine 
roots; very strongly acid; gradual wavy 
boundary. 
84-98 olive gray (5Y 4/2) loamy fine sand matrix with 
Cl like banding as well as light olive brown 
(2.5Y 5/6) oxidized zones associated with 
coarser textures, saprolitic materials and root 
zones; massive; slightly firm in place, and 
friable to slightly firm in hand; 15% graded 
gravel size rock fragments; few fine roots; 
very strongly acid; clear wavy boundary. 
98-127+ contorted bands and lenses of light olive gray 
(5Y 6/2) sand and olive gray (5Y 4/2) loamy 
fine sand and loamy very fine sand; massive; 
slightly firm in place, and friable to slightly 
firm in hand; 10% graded gravel size rock 
fragments; very strongly acid. 
SITE LOCATION: 10 meters west of Saxon Bridge Road, 350 meters north 
of junction of Saxon Bridge Road and Laurel Drive. (USGS Millers Falls 
Quad - 42d 33m 29s N 72d 25m 38s W) 
PHYSIOGRAPHY: Lower flank of a drumloidal hill in a generally bedrock 
controlled topography. 
ELEVATION: 330 meters (1080 ft) abs SLOPE: 15% ASPECT: 80d 
SLOPE POSITION: Mids 1 ope-foots 1 ope; pedon was just downslope from a 
flexpoint. 
SLOPE SHAPE: Convex-linear slope/convex contour 
NATIVE VEGETATION: American beech, red maple, white birch, white oak, 
and minor american chestnut in the understory. 
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NOTES: (a) a discontinuous brown (10YR 5/3) loamy fine sand EA horizon 
was visible on the left face of the pit. 
(b) on the right side of the pit the upper Bwl may have been 
disturbed (materials are similar in appearance to those of the 
Bw2) and the 0.25-0.50 meter microrelief, which covers about 
half the surface, may indicate past tree throw events. 
(c) stones on the surface are spaced approximately 2 meters 
apart. 
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SOIL NAME: Pauchaug gneiss 
CLASSIFICATION: Typic Dystrochrept (coarse-1oamy over sandy, mixed, 
mesic) Canton series (taxadjunct) 
DATE SAMPLED: August 25, 1983 LOG NOS.: 83076-83080 
LOCATION: Warwick, Franklin Co., MA 
Horizon Depth (cm) Description 
Oi 3-0 litter of beech, with a minor maple and oak 
contribution. 
Oe 0-3 
A 3-10 
(83076) • 
Bwl 10-24 
(83077) 
Bw2 24-36 
(83078) 
dark reddish brown (5YR 2.5/2) fairly well 
decomposed beech liter; many very fine, fine 
and medium, and common coarse roots; abrupt 
smooth boundary. 
dark brown (7.5YR 3/2) through grayish brown 
(10YR 5/2) sandy loam; massive; very friable; 
3% fine and medium gravel and 10-15% coarse 
gravel and small cobbles; common roots of all 
grades; extremely acid; abrupt smooth boundary, 
though irregular near large roots and rock 
fragments. 
dark yellowish brown (10YR 4/6) sandy loam; 
massive; friable; 5% fine and medium gravel and 
10-15% coarse gravel and small cobbles; common 
very fine, fine and medium, and few coarse 
roots; few very fine root traces; very strongly 
acid; gradual wavy boundary. 
yellowish brown (10YR 5/6) sandy loam; massive; 
friable; 5% fine and medium gravel and 10-15% 
coarse gravel and small cobbles; common very 
fine, fine and medium, and few coarse roots; 
common fine root traces; very strongly acid; 
gradual wavy boundary. 
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BC 
(83079) 
C 
(83080) 
36-61 light olive brown (2.5Y 5/4) gravelly loamy 
sand; massive; very friable; 15-20% fine and 
medium gravel and 10-15% coarse gravel and 
small cobbles; few very fine, fine and medium 
roots; very strongly acid; abrupt irregular 
boundary. 
61-140+ gray to light gray (5Y 5/1 -6/1) gravelly loamy 
sand (as a whole); massive; friable (bordering 
on firm); 35-40% rock fragments, mostly of 
cobble size; few very fine and fine roots; many 
coarse silt caps on rock fragments; common, 
coarse, distinct olive yellow (2.5Y 6/6) and 
few, coarse, distinct yellowish brown (10YR 
5/8) oxidized zones throughout the horizon, all 
of which appear to be associated with root 
penetration; very strongly acid. 
SITE LOCATION: 0.3 mile SE of Stevens Swamp; 0.2 mile NW of hill top; 
15 meters SW of Page Road Trail (USGS Northfield Quad - 42d 40m 11s N 
72d 22m 50s W) 
PHYSIOGRAPHY: Bedrock controlled upland topography with a till veneer. 
ELEVATION: 328 meters (1075 ft) abs SLOPE: 5% ASPECT: 310d 
SLOPE POSITION: Midslope 
SLOPE SHAPE: Complex; locally linear slope/slightly concave contour 
NATIVE VEGETATION: Predominantly american beech, with minor hemlock, 
red oak, and red maple components. 
NOTES: (a) cradle knoll topography evident around site 
(b) great variety exists in B horizon color expression around 
the site, with knolls having much "duller" B colors than lower 
positions within the micro-relief. 
(c) extremely stony surface 
(d) soil is taxadjunct to the series due to slightly coarser 
textures within the solum 
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SOIL NAME: Washington gneiss 
CLASSIFICATION: Typic Haplorthod (coarse-1oamy, mixed, frigid) 
Marlow series (taxadjunct) 
DATE SAMPLED: September 2, 1983 LOG NOS.: 83081-83087 
LOCATION: Becket, Berkshire Co., MA 
Horizon Depth (cm) Description 
Oi 4-0 broken litter of beech and hemlock; abrupt 
smooth boundary. 
Oe 0-3 partially decomposed litter of beech and 
hemlock; abrupt smooth boundary. 
Oa 3-10 black (N 2/0) humified litter of past 
vegetation mixed with increasing amounts of 
loamy fine sand with depth; moderate coarse 
granular structure; friable; many medium and 
coarse, and common very fine and fine roots; 
few resistant seed coats and root cork remains; 
extremely acid; abrupt wavy boundary. 
E 
(83081) 
10-15 pinkish gray (7.5YR 6/2) fine sandy loam; 
massive; friable; <5% graded rock fragemts; 
common medium and coarse, and few very fine and 
fine roots; extremely acid; abrupt wavy 
boundary. 
Bhs 
(83082) 
15-18 very dusky red (2.5YR 2.5/2) fine sandy loam; 
massive; friable; <5% graded rock fragments; 
common roots of all grades; extremely acid; 
abrupt wavy boundary. 
Bsl 
(83083) 
18-26 strong brown (7.5YR 4/6) and yellowish red 
5YR 4/6) fine sandy loam; massive; friable; 5% 
graded rock fragments; common roots of all 
grades; extremely acid; clear wavy boundary. 
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Bs2 
(83084) 
Bw 
(83085) 
BC 
(83086) 
Cr 
(83087) 
26-39 strong brown (7.5YR 5/8) lightening to 
yellowish brown (10YR 5/6) fine sandy loam with 
depth, with common reddish brown (5YR 4/3) and 
dark brown (7.5YR 4/4) portions enriched in 
organic matter derived from root remains; 
massive; friable; 5-10% graded rock fragments; 
few roots of all grades, all becoming common on 
the right side of the pit; weak sesquioxide 
cementation of matrix; extremely acid; clear 
irregular boundary. 
39-57 yellowish brown (10YR 5/6) fine sandy loam; 
massive; friable; 10-15% graded rock fragments; 
few very fine, fine and medium roots grading to 
common of those grades and few coarse roots on 
the right side of the pit; very strongly acid; 
clear wavy boundary. 
57-66 light olive brown (2.5Y 5/4) fine sandy loam; 
massive; friable; 5-10% graded rock fragments; 
few fine roots; few reddish black (10R 2.5/1) 
and very dusky red (10R 2.5/2) tracings of 
decomposed fine roots; very strongly acid; 
clear discontinuous boundary. 
66-140+ olive brown (2.5Y 4/4) and dark grayish brown 
(2.5Y 4/2) fine sandy loam in a banded fabric 
with olive (5Y 5/3) and pale olive (5Y 6/3) 
loamy fine sand, with common medium distinct 
yellowish brown (10YR 5/8) stains; weak coarse 
contorted platy structure to massive; very 
firm; 5-8% fine and medium gravel size and 10% 
coarse gravel and small cobble size rock 
fragments; few very fine and fine roots; many 
fine discontinuous pores; very strongly acid. 
SITE LOCATION: 30 meters south of Leonhardt Road; approximately 0.5 km 
(0.3 mile) west of Fred Snow Rd. - Leonhardt Rd. intersection. (USGS 
Becket Quad - 42d 18m 39s N 73d 5m 52s W) 
PHYSIOGRAPHY: Bedrock controlled upland with till veneer 
ELEVATION: 500 meters (1635 ft) abs SLOPE: 3% ASPECT: N 
SLOPE POSITION: Local summit 
SLOPE SHAPE: Complex 
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NATIVE VEGETATION: Predominantly american beech, with significant 
eastern hemlock and minor yellow and black birch. 
NOTES: (a) pedon is taxadjunct due to extremely acid reaction, lack 
of structure in the B horizon, and 2.5YR hue in the upper B 
horizon. 
(b) pit and mound micro-relief is evident. 
(c) extremely stony surface (perhaps more than established 
series description allows; pedon is in geographical 
association with the stonier Becket series). 
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SOIL NAME: Tyringham gneiss 
CLASSIFICATION: Typic Haplorthod (coarse-1oamy, mixed, frigid) 
Tunbridge series 
DATE SAMPLED: August 23, 1983 LOG NOS.: 83070-83075 
LOCATION: Great Barrington, Berkshire Co., MA 
Horizon Depth (cm) Description 
Oe-Oa 0-3 
E 3-8 
(83070) 
Bsl 8-15 
(83071) 
Bs2 15-26 
(83072) 
Bs3 26-37 
(83073) 
very dusky red (2.5YR 2.5/2) and dark reddish 
brown (2.5YR 2.5/4) partially to well humified 
litter of beech, oak, and maple; localized 
concentrations of fungal hyphae; many very fine 
and fine, and common medium and coarse roots; 
extremely acid; abrupt wavy boundary. 
brown (7.5YR 5/2) fine sandy loam; massive; 
friable; 3% graded gravel size rock fragments 
(see notes); common roots of all grades; 
extremely acid; abrupt wavy boundary. 
dark reddish brown (5YR 3/4) grading to strong 
brown (7.5YR 5/6) very fine sandy loam with 
depth; weak fine subangular blocky structure; 
friable grading to very friable; 3-5% graded 
gravel size rock fragments; common roots of all 
grades; fungal hyphae in open pores and ped 
interiors; extremely acid; clear wavy boundary. 
dark yellowish brown (10YR 4/6) fine sandy 
loam; massive; very friable; 3-5% graded gravel 
size rock fragments; common very fine, fine and 
medium, and few coarse roots; fungal hyphae as 
in Bsl; extremely acid; clear wavy boundary. 
yellowish brown (10YR 5/6) and subordinate dark 
yellowish brown (10YR 4/4) very fine sandy 
loam; massive; friable; 5-10% graded gravel 
size rock fragments; common very fine, fine abd 
medium roots; fungal hyphae as in Bsl; common 
fine continuous root pores; extremely acid; 
clear wavy boundary. 
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Bs4 37-52 
(83074) 
BCr 52-64 
(83075) 
R 64+ 
dark yellowish brown (10YR 4/4) and subordinate 
yellowish brown (10YR 5/6) very fine sandy 
loam; massive to weak fine subangular blocky 
structure with depth; friable; 5-10% graded 
gravel size rock fragments, mostly within the 
coarse gravel range; common very fine, fine and 
medium roots; few fungal hyphae throughout the 
horizon; common fine continuous root pores; 
extremely acid; clear wavy boundary. 
dark brown (10YR 4/3) very fine sandy loam 
matrix with common coarse dark reddish brown 
(5YR 3/2 & 2.5/2) inclusions, mostly at the 
bedrock contact and along ped boundaries; few 
fine faint yellowish brown (10YR 5/6) and dark 
grayish brown (2.5Y 4/2) mottles; strong very 
coarse platy structure; firm to very firm with 
decreasing organic matter content; 3-5% graded 
gravel size rock fragments; many very fine 
pores; few very fine root traces, with 
yellowish red (5YR 5/8) oxide coatings on root 
remains and pore walls; few very fine roots; 
extremely acid; abrupt smooth boundary. 
relatively "fresh" gneiss. 
SITE LOCATION: Beartown State Forest; 100 meters SE of Monterey Road 
from a spot 250 meters east of the Bench Mark Location at 1644 ft abs. 
(USGS Great Barrington Quad - 42d 14m 9s N 73d 16m 12s W) 
PHYSIOGRAPHY: Bedrock controlled upland topography with a till veneer 
ELEVATION: 515 meters (1690 ft) abs SLOPE: 9% ASPECT: 310d 
SLOPE POSITION: Midslope in a complex microtopography 
SLOPE SHAPE: Convex slope/convex contour 
NATIVE VEGETATION: American beech, red maple, eastern hemlock, red 
oak, and white birch. 
NOTES: (a) in addition to the gravel size rock fragments described 
above, throughout the horizon were 3-5% cobble and stone size 
rock fragments. 
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SOIL NAME: Moretown Formation 
CLASSIFICATION: Typic Haplorthod (coarse-1oamy, mixed, frigid) 
Tunbridge series (taxadjunct) 
DATE SAMPLED: July 28, 1983 LOG NOS.: 83020-83024 
LOCATION: Hawley, Franklin Co., MA 
Horizon Depth (cm) Description 
Oi 3-0 recent intact to broken litter of beech; many 
very fine and fine, and few medium roots in 
lower part; abrupt smooth boundary. 
Oe 0-3 dark reddish brown (5YR 2.5/2) partially 
humified remains of past vegetation; many very 
fine and fine, and few medium roots; abrupt 
smooth boundary. 
Oa 3-4 black (N 2/0) humified remains of past 
vegetation; many roots of all grades; extremely 
acid; abrupt wavy boundary. 
E 
(83020) 
4-11 reddish gray (5YR 5/2) very fine sandy loam; 
massive; very friable; 5-10% rock fragments, 
mostly of coarse gravel and cobble size; common 
fine, medium and coarse, and few very fine 
roots; extremely acid; abrupt wavy boundary. 
Bhs 
(83021) 
11-13 dark reddish brown (5YR 2.5/2) very fine sandy 
loam; very weak fine subangular blocky 
structure; very friable; 5-10% rock fragments, 
mostly of coarse gravel and cobble size; common 
very fine, fine and medium, and few coarse 
roots; extremely acid; abrupt wavy boundary. 
Bsl 
(83022) 
13-28 dark brown (7.5YR 3/4) very fine sandy loam; 
weak fine subangular blocky structure; friable; 
5-10% rock fragments, mostly of coarse gravel 
and cobble size; common very fine, fine and 
medium, and few coarse roots; extremely acid; 
abrupt irregular boundary. 
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Bs2 
(83023) 
28-46 dark reddish brown (5YR 3/3) very fine sandy 
loam, with continuous dusky red (2.5YR 3/2) 
coatings on peds; moderate fine subangular 
blocky structure; slightly firm; 5-10% rock 
fragments, mostly of coarse gravel and cobble 
size; common very fine, and few fine, medium 
and coarse roots; extremely acid; abrupt wavy 
boundary. 
Dc -D 
(83024) 
46-54 dark reddish brown (5YR 3/3) fine sandy loam 
and light olive brown (2.5Y 5/4) fine sand; 
moderate medium platy structure; slightly firm 
(inherited from deposit); 5% graded gravel size 
rock fragments, a portion of which is 
saprolitic; few very fine and fine roots; 
extremely acid; abrupt discontinuous boundary 
to bedrock. 
R 54+ weathered granulite, with vertically dipping 
foliation. 
SITE LOCATION: Mohawk Trail State Forest; 420 meters east of Savoy 
town line and 2.6 km NW of Forge Hill in Hawley (US6S Planfield Quad - 
42d 36m 54s N 72d 57m 14s W) 
PHYSIOGRAPHY: Bedrock controlled upland topography, with a till 
veneer. 
ELEVATION: 604 meters (1980 ft) abs SLOPE: 15% ASPECT: 350d 
SLOPE POSITION: Midslope 
SLOPE SHAPE: Convex slope/convex contour 
NATIVE VEGETATION: Predominantly american beech, with some eastern 
hemlock. 
NOTES: (a) soil is taxadjunct to Tunbridge series due to loamy fine 
sand texture of Bs3 horizon 
(b) the Bs2 and Bs3 horizons range in thickness from 11-22 cm 
and 4-8 cm respectively, but the Bsl horizon is consistently 
15 cm thick. 
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SOIL NAME: Paxton formation 
CLASSIFICATION: Typic Dystrochrept (coarse-1oamy, mixed, mesic) 
Paxton series 
DATE SAMPLED: September 8, 1983 LOG NOS.: 83095-83100 
LOCATION: Charlton, Worcester Co., MA 
Horizon Depth (cm) Description 
Oe 
A 
(83095) 
Bwl 
(83096) 
Bw2 
(83097) 
Bw3 
(83098) 
fairly well decomposed litter of predominantly 
red maple. 
5-10 very dark gray (10YR 3/1) fine sandy loam; 
massive; very friable; 5-10% fine and medium 
gravel size and 15% coarser rock fragments; 
many very fine and fine and common medium and 
coarse roots; extremely acid; abrupt wavy 
boundary. 
10-23 dark yellowish brown (10YR 4/4) fine sandy 
loam; weak thin platy structure becoming 
massive with depth; friable; 5-10% fine and 
medium gravel size and 15% coarser rock 
fragments; common very fine roots and common 
roots of all other grades; few fine ex-rooting 
pores; very strongly acid; gradual wavy 
boundary. 
23-37 dark yellowish brown (10YR 4/4) fine sandy 
loam; massive; friable; 5-10% fine and medium 
gravel size and 15% coarser rock fragments; 
common very fine and few fine and medium roots; 
few fine pores, associated more with roots than 
in Bwl; very strongly acid; gradual wavy 
boundary. 
37-56 light olive brown (2.5Y 5/4) fine sandy loam; 
massive; friable; 5-10% fine and medium gravel 
size and 15% coarser rock fragments; few very 
fine, fine and medium roots; common very fine 
tubular pores; very strongly acid; gradual wavy 
boundary. 
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Bw4 
(83099) 
Crl 
02 
(83100) 
56-66 light olive brown (2.5Y 5/4) fine sandy loam; 
massive; friable (slightly brittle in places); 
5-10% fine and medium gravel size and 10-15% 
coarser rock fragments; some contorted 
stratification visible at the base of the 
horizon; few very fine and fine roots; very 
strongly acid; clear wavy boundary. 
66-76 dark grayish brown (2.5Y 4/2) fine sandy loam 
(80%) and light gray (2.5Y 7/2) fine sand (20%) 
contorted mixture; massive; firm; 5-10% fine 
and medium gravel size and 10-15% coarser rock 
fragments; very few fine roots; medium acid; 
clear wavy boundary. 
76-130+ dark grayish brown (2.5Y 4/2) fine sandy loam 
matrix, with common (increasing to many with 
depth), medium and coarse, prominent strong 
brown (7.5YR 5/6) and olive gray (5Y 4/2) 
mottles; strong medium platy structure; very 
firm; (see notes); 5-10% fine and medium gravel 
size and 10-15% coarser rock fragments; medium 
acid. 
SITE LOCATION: Ponnakin Hill; 150 meters SSW of Massachusetts 
Turnpike; 1.2 km WSW of Oxford-Charlton townline. (USGS Leicester 
Quad - 42d 10m 14s N 71d 55m 41s W) 
PHYSIOGRAPHY: North slope of a drumloidal hill 
ELEVATION: 270 meters (880 ft) abs SLOPE: 12% ASPECT: 360d 
SLOPE POSITION: Upper mid-slope 
SLOPE SHAPE: Convex slope/convex contour 
NATIVE VEGETATION: Predominantly red maple, with secondary black, 
white and gray birch, and shagbark hickory. 
28 7 
NOTES: (a) the 02 horizon may not represent the immediate parent 
material of the solum, but is probably the immediate "source". 
(b) the 02 horizon has a well developed polygonal wedge 
pattern extending at least 60 cm into the horizon; the wedge 
thicknesses range from 10 to 30 cm, generally widening toward 
the top of the horizon; the 2 to 5 cm cracks betwen polygons 
are filled with fine sand. 
(c) the Crl horizon is a broken mixture of 02 material with a 
slightly higher fine sand content. 
(d) # the platy ped surfaces of the 02 horizon have thin to 
thick gray (5Y 5/1) silty clay coatings with an extensive 
irregular void system running through the coatings; within the 
till matrix are many discontinuous irregular and spherical 
silty clay coated pores ( some expressing a string of pearls 
pattern) which suggest a dewatering origin. 
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SOIL NAME: Partridge formation 
CLASSIFICATION: Typic Dystrochrept (coarse-1oamy, mixed, mesic) 
Brookfield series (taxadjunct) 
DATE SAMPLED: August 8, 1983 LOG NOS.: 83057-83062 
LOCATION: West Brookfield, Worcester Co., MA 
Horizon Depth (cm) Description 
Oi 2-0 whole and broken litter of red oak and red 
maple; abrupt smooth boundary. 
Oe-Oa 0-2 black (2.5YR 2.5/1) partially to well humified 
litter of past vegetation; extremely friable; 
little ripened; many very fine, and common fine 
and medium roots; extremely acid; abrupt smooth 
boundary. 
A 
(83057) 
2-9 dark reddish brown (2.5YR 2.5/4) loam; very 
weak fine subangular blocky structure; very 
friable; 15-20% graded gravel and 20% cobble 
and small stone size fragments; many very fine, 
and common fine, medium and coarse roots; 
visible fungal hyphae; common very fine 
continuous root trace pores; extremely acid; 
abrupt smooth boundary. 
Bwl 
(83058) 
9-22 dark reddish brown (2.5YR 3/4) loam; weak fine 
subangular blocky structure; very friable; 15- 
20% graded gravel size and 20% cobble and small 
stone size rock fragments; common roots of all 
grades; visible fungal hyphae; common very fine 
continuous root trace pores; extremely acid; 
clear wavy boundary. 
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Bw2 
(83059) 
BC 
(83060) 
Cl 
(83061) 
C2 
(83062) 
22-41 dark reddish brown (5YR 3/2) loam; weak fine 
and medium subangular blocky structure; 
friable; 10% fine and medium gravel size, 5% 
coarse gravel and small cobble size and 20% 
large cobble and small stone size rock 
fragments; common very fine, fine and medium, 
and few large roots; visible very fine fungal 
hyphae throughout, especially along ped faces 
and ex-root pores; fairly well developed 
continuous very fine pore network; extremely 
acid; clear wavy boundary. 
41-53 strong brown (7.5YR 4/6)(rubbed) loam (Bw2 
character is expressed on ped faces and other 
planes of weakness, with Cl like material 
within peds); weak fine and medium subangular 
blocky structure; friable; 15% graded gravel 
size rock fragemts; common very fine, fine and 
medium, and few coarse roots; well developed 
continuous very fine pore network; extremely 
acid; clear wavy boundary. 
53-86 strong brown (7.5YR 5/8) loam, ranging from 
strong brown (7.5YR 4/6) to yellowish brown 
(10YR 5/6); moderate fine and medium subangular 
blocky structure; friable; 15-20% graded gravel 
size rock fragments; well developed continuous 
very fine pore network; very strongly acid; 
clear wavy boundary. 
86-117(+?) strong brown (7.5YR 4/6) and dark yellowish 
brown (10YR 4/6) gravelly sandy loam, with a 
light olive brown (2.5Y 5/4) fine sandy loam 
layer (1 to 10 cm thick, left to right 
across the base of the pit); massive; slightly 
firm in place, friable in hand; 10-15% fine and 
medium gravel size and 10-15% coarse gravel and 
cobble size rock fragments; few fine roots in 
upper part; few fine discontinuous pores in 
sandier parts; very strongly acid; abrupt wavy 
boundary to R. 
R 117(+?) suspected boundary to granitic bedrock. 
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SITE LOCATION: 25 meters west of Wigwam Road at the base of the SE 
corner of Wigwam Hill; 0.6 km (0.4 mile) south of the power line and 
1.7 km (1.1 miles) north of Wigwam Rd.-Rte. 67 intersection. (USGS 
Ware Quad - 42d 15m 14s N 72d 7m 52s W) 
PHYSIOGRAPHY: Bedrock controlled topography with a till veneer. 
ELEVATION: 240 meters (785 ft) abs SLOPE: 3% ASPECT: 200d 
SLOPE POSITION: Swale between two bedrock outcrops. 
SLOPE SHAPE: Linear slope/concave contour 
NATIVE VEGETATION: Red oak and red maple, with minor pignut hickory, 
american plum, serviceberry, and eastern white pine. 
NOTES: (a) pedon is taxadjunct to Brookfield series due to >12% clay 
and <4 chroma in the B horizon, and slightly higher chroma than 
that established for the C horizon. 
(b) pedon is located in a swale between bedrock outcrops 5 
meters to the west and 8 meters to the east. 
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SOIL NAME: Hoosac formation 
CLASSIFICATION: Typic Haplorthod (coarse-1oamy, mixed, frigid) 
Marlow series 
DATE SAMPLED: July 26, 1983 LOG NOS.: 83014-83019 
LOCATION: Savoy, Berkshire Co., MA 
Horizon Depth (cm) Description 
0i 3-0 
Oe 0-5 
Oa 5-15 
E 15-19 
(83014) 
Bhs 19-22 
(83015) 
predominantly leaf and twig litter of beech; 
abrupt smooth boundary. 
dark reddish brown (5YR 2.5/2) partially 
humified remains of past vegeation; many very 
fine and fine, and common medium roots; abrupt 
wavy boundary. 
black (N 2/0) humified and perhaps charred 
remains of past vegeation; weak medium granular 
structure; friable and weakly smeary; many very 
fine, and common medium and coarse roots; 
extremely acid; abrupt wavy boundary. 
dark gray (5YR 4/1) fine sandy loam; weak fine 
subangular blocky structure; very friable; 
5-10% graded gravel size and 5-10% cobble size 
rock fragments; common very fine, fine and 
medium, and few coarse roots; extremely acid; 
abrupt wavy boundary. 
black (5YR 2.5/1) loam; weak fine subangular 
blocky structure; very friable and weakly 
smeary; 5-10% graded gravel size and 5-10% 
cobble size rock fragments; common roots of all 
grades; extremely acid; generally an abrupt 
wavy, though in places irregular boundary. 
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Bsl 
(83016) 
Bs2 
(83017) 
Bs3 
(83018) 
Cr 
(83019) 
22-30 dark reddish brown (5YR 3/4) loam; weak fine 
and medium subangular blocky structure; friable 
and weakly smeary; 5-10% graded gravel size 
and 5-10% cobble size rock fragments; common 
very fine and fine, and few medium and coarse 
roots; common coarse distinct very dark brown 
(10YR 2/2) and black (5YR 2.5/1) channel 
fillings of decomposing roots; a 15 mm piece of 
charcoal; extremely acid; clear wavy boundary. 
30-44 strong brown (7.5YR 4/6) loam, marbled with 
dark brown (7.5YR 3/4); weak fine and medium 
subangular blocky structure; friable; 5-10% 
graded gravel size and 5-10% cobble size rock 
fragments; common very fine and fine, and few 
medium roots; common coarse distinct dark 
brown (10YR 2/2) channel fillings of 
decomposing roots; extremely acid; clear wavy 
boundary. 
44-69 dark yellowish brown (10YR 3/4) fine sandy 
loam; weak medium subangular blocky to weak 
coarse platy structure; friable to firm with 
depth; 5-10% fine and medium gravel size and 
10-15% coarse gravel and cobble size rock 
fragments; common very fine and fine, and few 
medium roots; many coarse distinct dark brown 
(10YR 2/2) channel fillings; extremely acid; 
generally clear wavy boundary, though gradual 
in a few places. 
69-115+ olive (5Y 4/3) fine sandy loam, with common 
medium and coarse prominent dark red (2.5YR 
3/6) oxide stains on ped faces (associated with 
former root occupation); moderate coarse platy 
structure; very firm; 10-15% fine and medium 
gravel size and 5-10% coarse gravel and cobble 
size rock fragments; very few fine and medium 
roots; common very dusky red (2.5YR 2.5/2) 
decomposing roots; few fine discontinuous 
pores; extremely acid. 
SITE LOCATION: 15 meters east of New State Road; .1 km south of Savoy- 
Florida town line.(USGS North Adams Quad- 42d 38m 52s N 73d 2m 10s W) 
PHYSIOGRAPHY: Glacially streamlined, bedrock controlled upland 
topography with a till veneer. 
293 
ELEVATION: 605 meters (1980 ft) abs SLOPE: 10% ASPECT: 240d 
SLOPE POSITION: Footslope 
SLOPE SHAPE: Concave slope/linear contour 
NATIVE VEGETATION: American beech, eastern hemlock, yellow birch, 
striped maple, balsam fir, black birch, and red maple. 
NOTES: (a) pedon is taxadjunct to the Marlow series due to its 
extremely acid pH; but the range of moderately to very strongly 
acid reaction allowed by the official series description is 
probably to restrictive. 
(b) meter sized boulders are speced 7-10 meters apart on the 
surface. 
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SOIL NAME: Cheshire quartzite 
CLASSIFICATION: Typic Haplorthod (coarse-1oamy, mixed, frigid) 
Hermon series (variant) 
DATE SAMPLED: July 29, 1983 LOG NOS.: 83025-83030 
LOCATION: Dalton, Berkshire Co., MA 
Horizon Depth (cm) Description 
Oi 
Oe-Oa 
E 
(83025) 
Bhs 
(83026) 
Bsl 
(83027) 
Bs2 
(83029) 
Bs3 
(83028) 
1-0 leaf and twig litter of red maple, striped 
maple and yellow birch; abrupt smooth boundary. 
0-3 black (5YR 2.5/1) partially to highly humified 
remains of past vegeation; many fine fern 
roots, and common fine, medium and coarse tree 
roots; extremely acid; abrupt wavy boundary. 
3-10 pinkish gray (5YR 7/2) gravelly loamy fine 
sand; single grained; loose (dry); 20-25% rock 
fragments; few fine, medium and coarse roots; 
extremely acid; abrupt wavy boundary. 
10-14 dark reddish brown (5YR 3/2) gravelly fine 
sandy loam; massive; very friable; 20-25% rock 
fragments; common fine, medium and coarse 
roots; extremely acid; abrupt wavy boundary. 
14-23 dark brown (7.5YR 3/4) gravelly fine sandy 
loam; massive; very friable; 20-25% rock 
fragments; common fine, medium and coarse 
roots; extremely acid; clear wavy boundary. 
23-32 strong brown (7.5YR 4/6) gravelly fine sandy 
loam; massive; very friable; 20-25% rock 
fragments; common fine, medium and coarse 
roots; common root cork segments; extremely 
acid; gradual wavy boundary. 
32-66 dark yellowish brown (10YR 4/6) gravelly fine 
sandy loam; massive; friable; 20-25% rock 
fragments; few very fine, fine and medium 
roots; extremely acid; abrupt wavy boundary. 
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C 66-81 
(83030) 
R 81 + 
yellowish brown (10YR 5/8) gravelly loamy fine 
sand, with thin seams of finer dark yellowish 
brown (10YR 4/4) sand; common medium faint 
olive yellow (2.5Y 6/6) and strong brown (7.5YR 
5/8) mottles; massive; firm; 15-40% (averaging 
25%) rock fragments, increasing with depth; 
very few fine and medium roots; sand grains and 
bedrock surface stained dark reddish brown 
(2.5YR 3/4); very strongly acid; abrupt wavy 
boundary. 
quartzite, weathered to a "sugary" saprolite; 
breaks with ease along joints and with moderate 
pressure across matrix. 
SITE LOCATION: Just off the trail north of Eqypt Reservoir; 1.45 km 
east of Anthony Pond and 1.8 km southeast of Gore Pond. (USGS Cheshire 
Quad - 42d 30m 32s N 73d 8m 32s W) 
PHYSIOGRAPHY: Bedrock controlled upland topography with a sandy till 
veneer. 
ELEVATION: 570 meters (1870 ft) abs SLOPE: 17% ASPECT: 160d 
SLOPE POSITION: Midslope 
SLOPE SHAPE: Linear slope/linear contour 
NATIVE VEGETATION: Secondary growth of yellow birch, red maple, 
striped maple and black birch. 
NOTES: (a) pedon is classified as a variant of the Hermon because it 
is moderately deep, slightly finer textured, and has a slightly 
lower gravel content in the particle size control section. 
(b) stones on the surface are spaced approximately 3-5 meters. 
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SOIL NAME: Everett formation 
CLASSIFICATION: Typic Dystrochrept (coarse-1oamy, mixed, frigid) 
Lanesboro series (taxadjunct) 
DATE SAMPLED: August 5, 1983 LOG NOS.: 83039-83046 
LOCATION: Mt. Washington, Berkshire Co., MA 
Horizon Depth (cm) Description 
Oi-Oe 2-0 
Oa 0-2 
A 2-6 
(83039) 
E 6-12 
(83040) 
Bwl 12-22 
(83041 
&83042) 
broken leaves of beech and oak over a dark 
reddish brown (5YR 2.5/2) fibrous mat of 
partially decomposed litter held together by 
many very fine moss roots; extremely acid; 
abrupt smooth boundary. 
black (5YR 2.5/1) well humified remains of past 
vegetation, with a minor mineral component 
mixed in; several 5-15 mm charcoal chips; 
extremely acid; abrupt smooth boundary. 
black (5YR 2.5/1) and dark reddish brown (5YR 
3/2) loam; weak medium platy structure, parting 
to subangular blocks; very friable; 15% fine 
gravel size rock fragments; many medium and 
coarse, and common very fine and fine roots; 
extremely acid; abrupt to clear wavy boundary. 
brown (7.5YR 5/2) gravelly silt loam; weak 
medium platy structure, parting to subangular 
blocks; very friable; 20% graded gravel size 
rock fragments; many medium and coarse, and 
common very fine and fine roots; extremely 
acid; abrupt to clear wavy boundary. 
strong brown (7.5YR 4/6 & 5/8) gravelly silt 
loam; weak subangular blocky structure; very 
friable; 20-25% graded gravel size rock 
fragments; common roots of all grades; common 
very fine and fine pores, a few of which have 
illuvial coatings; extremely acid; clear wavy 
boundary. 
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Bw2 
(83043) 
BC 
(83044) 
Crl 
(83045) 
02 
(83046) 
22-34 dark yellowish brown (10YR 4/6) gravelly loam; 
weak fine subangular blocky structure; friable; 
20-25% graded gravel size rock fragments; 
common roots of all grades, with a few 
concentrations of medium tree roots; few. 
continuous rooting pores, and very few fine 
discontinuous pores; extremely acid; clear wavy 
boundary. 
34-56 light olive brown (2.5Y 5/4) very gravelly 
sandy loam matrix, with Bw2 and Crl colored 
materials extending into the horizon as small 
pockets near their respective boundaries; 
massive; slightly firm in place and friable in 
hand; 10% fine and 10-15% medium and coarse 
gravel size rock fragments; few very fine and 
fine roots; common fine discontinuous pores and 
few fine continuous rooting pores; very 
strongly acid; clear becoming gradual wavy 
across the pit face. 
56-83 olive gray (5Y 5/2) and olive (5Y 5/3) gravelly 
sandy loam, with few medium distinct light 
olive brown (2.5Y 5/6) and olive brown (2.5Y 
4/4) mottles along structural surfaces and rock 
fragment interfaces; weak medium platy 
structure, interrupted often by rock fragments; 
very firm; 15% fine and 10-15% medium and 
coarse gravel size rock fragments; very few 
very fine roots; common fine discontinuous 
pores; very strongly acid; abrupt wavy 
boundary. 
83-107+ olive (5Y 4/4) very gravelly sandy loam, with 
common coarse faint olive brown (2.5Y 5/4) 
zones and a few fine textured pockets of strong 
brown (7.5YR 4/6) saprolite; massive; very 
firm; 20-25% fine and medium gravel size and 
30-35% coarse gravel and cobble size rock 
fragments; an occasional very fine root; common 
fine discontinuous pores with silty coatings; 
very strongly acid. 
SITE LOCATION: Mt. Everett Reservation; 50 meters ESE of Appalachian 
Trail; 100 meters ENE of trail jet. with parking area °nE 
sunmit road (near restroom facilities at Guilder Pond). (USGS Bashb 
Quad - 42d 6m 27s N 73d 26m 5s W) 
sh 
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PHYSIOGRAPHY: Bedrock controlled upland topography with a till veneer. 
ELEVATION: 670 meters (2200 ft) abs SLOPE: 10% ASPECT: 300d 
SLOPE POSITION: Midslope 
SLOPE SHAPE: Stepped linear slope/convex contour 
NATIVE VEGETATION: American beech and red oak, with a few gray birch, 
(eastern hemlock and mountain laurel in vicinity) 
NOTES: (a) pedon is taxadjunct to the Lanesboro series because in has 
less than 65% silt + very fine sand in the solum. 
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SOIL NAME: Nassau formation 
CLASSIFICATION: Typic Dystrochrept (loamy-skeletal, mixed, frigid) 
Macomber series (taxadjunct) 
DATE SAMPLED: August 9, 1983 LOG NOS.: 83063-83069 
LOCATION: Williamstown, Berkshire Co., MA 
Horizon Depth (cm) Description 
Oi 3-0 whole and broken litter of beech, with a minor 
red oak and white birch component; abrupt wavy 
boundary. 
Oe-Oa 0-5 dark reddish brown (5YR 2.5/2) grading to black 
(5YR 2.5/1) with depth partially to well 
humified remnants of past vegetation; many very 
fine, fine and medium, and common coarse roots; 
extremely acid; abrupt smooth boundary. 
E 
(83063) 
5-10 gray (5YR 6/1) slaty silt loam; massive; 
friable; 10% fine and medium gravel size and 
10% coarse gravel and cobble size rock 
fragments; few roots of all grades; extremely 
acid; abrupt wavy boundary. 
Bwl 
(83064) 
10-18 strong brown (7.5YR 5/6) grading laterally with 
weaker E horizon expression to yellowish brown 
(10YR 5/6) slaty silt loam; weak medium 
subangular blocky structure; friable; 15-20% 
fine and medium gravel size and 5-10% coarse 
gravel and cobble size rock fragments; common 
fine, medium and coarse, and few very fine 
roots; extremely acid; clear wavy boundary. 
Bw2 
(83065) 
18-28 light olive brown (2.5Y 5/6) slaty loam; weak 
fine subangular blocky structure; friable; 20- 
25% fine and medium gravel size and 10% coarse 
gravel and cobble size rock fragments; common 
fine, medium and coarse, and few very fine 
roots; extremely acid; clear wavy boundary. 
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Bw3 28-41 
(83066) 
BC 41-61 
(83067) 
Cl 61-66 
(83068) 
C2 66-91 
(83069) 
R 91(+?) 
light olive brown (2.5Y 5/4) very slaty loam; 
weak fine subangular blocky structure; friable; 
30% fine and medium gravel size and 10% coarse 
gravel and cobble size rock fragments; common 
medium and coarse, and few very fine and fine 
roots; extremely acid; clear wavy boundary. 
olive (5Y 5/4) extremely slaty coarse sandy 
loam with broad planar diffuse 1ight olive 
brown (2.5Y 5/4) bands of slightly oxidized 
material throughout; massive; friable; 80% rock 
fragments of all sizes; very few very fine, 
fine and medium roots; very strongly acid; 
clear wavy boundary (see notes). 
olive gray (5Y 5/2) extremely slaty coarse 
sandy loam; massive; friable; 85-90% rock 
fragments of all sizes; very few very fine and 
fine roots; many differentially weathered 
foliation planes within rock fragments; very 
strongly acid; gradual wavy boundary. 
dark greenish gray (5GY 4/1) extremely slaty 
coarse sandy loam; massive; friable; 75-80% 
rock fragments of all sizes; very few very fine 
roots; very strongly acid. 
strongly fractured bedrock. 
SITE LOCATION: Taconic Trail State Park; 100 meters NE of Rte. 2, 
approximately 1.2 km (0.75 mile) east of New York-Massachusetts 
border. (USGS Berlin Quad - 42d 43m 9s N 73d 15m 41s W) 
PHYSIOGRAPHY: Bedrock controled upland with a thin till veneer. 
ELEVATION: 580 meters (1900 ft) abs SLOPE: 21% ASPECT: 230d 
SLOPE POSITION: Shoulder-midslope 
SLOPE SHAPE: Convex slope/convex contour 
NATIVE VEGETATION: American beech with accessory red oak, white birch, 
and striped maple (understory). 
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NOTES: (a) some evidence of pit and mound relief present 
(b) Bw2 horizon lower boundary is generally wavy, but on a 
broader scale undulates significantly to give a range in 
horizon thickness of 2 to 18 cm over the face of the pit. 
Above this horizon the E and Bwl horizons are compressed or 
expanded in proportion. 
(c) pedon is taxadjunct to Macomber series due mainly to 
coarser textures than established for the C horizons; the 
nature of the fractured bedrock in this case significantly 
increased the sand content of the horizons. 
(d) rock fragments within the pedon are exclusively Nassau 
phyl1ite. 
/ 
302 
SOIL NAME: Stockbridge formation 
CLASSIFICATION: Dystric Eutrochrept (coarse-1oamy, mixed, mesic) 
Stockbridge series (taxadjunct) 
DATE SAMPLED: September 7, 1983 LOG NOS.: 83088-83094 
LOCATION: New Ashford, Berkshire Co., MA 
Horizon Depth (cm) Description 
Ap 0-18 
(83088) 
Bwl 18-30 
(83089) 
Bw2 30-51 
(83090) 
black (5Y 2.5/2) silt loam; strong medium and 
coarse granular structure; friable; 10-15% fine 
and medium gravel size and 5% coarse gravel and 
cobble size rock fragments; common roots of all 
grades; few large tubular pores; common kroto- 
vinas; slightly acid; abrupt smooth boundary, 
with much small scale tonguing due to earthworm 
activity. 
olive (5Y 4/4) silt loam; variably weak fine 
subangular blocky structure and massive, with 
moderate medium granular structure within the 
few krotovinas; 10-15% graded gravel size rock 
fragments; common roots of all grades; neutral; 
gradual wavy boundary. 
olive (5Y 4/3) silt loam; weak fine subangular 
blocky structure, with moderate medium 
granular structure within the few krotovinas; 
friable; 10-15% graded gravel size rock 
fragments; common medium and coarse, and few 
very fine and fine roots; neutral; clear wavy 
boundary. 
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Rp 
(83091) 
Crl 
(83092) 
\ Cr2 
(83093) 
Cr3 
(83094) 
51-69 olive gray (5Y 4/2) gravelly fine sandy loam, 
with few medium faint dark gray (5Y 4/1), olive 
brown (2.5Y 4/4) and light olive brown (2.5Y 
5/6) mottles at the transition to the Crl 
horizon; moderate medium platy structure (see 
notes); friable; 15-20% fine and medium gravel 
size and 5-10% coarse gravel and small cobble 
size rock fragments; few roots of all grades; 
many fine discontinuous pores, though less 
defined than those of lower horizons; neutral; 
gradual wavy boundary. 
69-84 olive gray (5Y 4/2) gravelly silt loam matrix, 
with common medium distinct dark gray (5Y 4/1), 
olive brown (2.5Y 4/4) and light olive brown 
(2.5Y 5/6) mottles; moderate coarse platy 
structure; firm; 15-20% fine and medium gravel 
size and 10-15% coarse gravel and cobble size 
rock fragments; very few very fine and fine 
roots; many fine discontinuous irregular and 
spherical pores; many silt coatings on pore 
walls and rock fragment-matrix interfaces; 
neutral; gradual wavy boundary. 
84-107 olive gray (5Y 4/2) very gravelly fine sandy 
loam, with common medium distinct gray (5Y 5/1) 
cored mottles with common fine distinct light 
olive brown (2.5Y 4/4) and few fine distinct 
dark brown (10YR 3/3) borders; weak medium 
platy structure; firm; 15-20% fine and medium 
gravel size and 20-25% coarse gravel and cobble 
size rock fragments; very few very fine and 
fine roots; many fine discontinuous irregular 
and spherical pores; many silty coatings on 
pore walls and rock fragment-matrix interfaces; 
neutral; gradual wavy boundary. 
107-152+ olive gray (5Y 4/2) gravelly fine sandy loam 
matrix with occasional dark yellowish brown 
(10YR 4/6) and slightly smeary dark reddish 
brown (5YR 3/2) phyllitic saprolite 
interspersed; massive; firm; 15-20% fine and 
medium gravel size and 10-15% coarse gravel and 
cobble size rock fragments; few fine roots; no 
calcareous ghost fragments observed; neutral. 
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SITE LOCATION: Mt. Greylock State Reservation approximately 0.5 km 
(0.3 mile) west of Ingraham Road from a point approximately 1.5 km 
(0.9 mile) south on Ingraham Rd. from Rte. 7 intersection; site is 35 
m north of reservation boundary. (USGS Cheshire Quad-42d 35m 36s N 
73d 14m 11s W). 
PHYSIOGRAPHY: Glacially streamlined bedrock controlled upland 
topography with till veneer. 
ELEVATION: 430 meters (1410 ft) abs SLOPE: 17% ASPECT: 325d 
SLOPE POSITION: Midslope 
SLOPE SHAPE: Linear slope/slightly concave contour 
NATIVE VEGETATION: Well managed red maple stand 
NOTES: (a) soil is taxadjunct due to grayer colors in the solum than 
allowed in Stockbridge series range of characteristics;^ 
addition no data is available soil temperature regime. 
(b) evidence of class 1 erosion observed (Soil Survey Staff, 
1981) 
(c) Stockbridge formation outcrops 30 meters downs lope and a 
nearby stone wall is composed of it; however, rock fragments in 
the soil are exclusively phyllitic. 
(d) observing the structure in the BC horizon has been enhanced 
by the prying apart of structural elements by roots. 
305 
SOIL NAME: Littleton Formation 
CLASSIFICATION: Typic Dystrochrept (coarse-1oamy, mixed, mesic) 
Bernardston series 
DATE SAMPLED: July 25, 1983 LOG NOS.: 83008-83013 
LOCATION: Bernardston, Franklin Co., MA 
Horizon Depth (cm) Description 
Oe-Oa 0-4 moderately to well decomposed litter of past 
vegetation; abrupt smooth boundary. 
A 
(83008) 
4-7 strong brown (7.5YR 4/6) silt loam; very weak 
fine granular structure; friable; 5% wel1 
graded channers; many very fine, fine and 
medium, and common coarse roots; extremely 
acid; abrupt wavy boundary. 
Bwl 
(83009) 
7-11 dark yellowish brown (10YR 4/6) silt loam; very 
weak fine granular structure; friable; 5% well 
graded channers; many very fine, and common 
fine, medium and coarse roots; extremely acid; 
abrupt wavy boundary. 
Bw2 
(83010) 
11-20 light olive brown (2.5Y 5/6) gravelly silt 
loam; very weak fine granular structure; 
friable; 20% well graded channers; common roots 
of all grades; extremely acid; clear wavy 
boundary. 
Bw3 
(83011) 
20-38 light olive brown (2.5Y 5/4) gravelly loam; 
weak fine subangular blocky structure; friable; 
20% well graded channers; common very fine, 
fine and medium, and few coarse roots; 
extremely acid; clear wavy boundary. 
BCr 
(83012) 
38-58 olive gray (5Y 4/2) loam; massive; slightly 
firm in place and friable in hand (upper part), 
and firm in place and in hand (lower part); 15% 
well graded channers; few fine, medium, and 
coarse roots; few very fine root trace pores; 
very strongly acid; gradual wavy boundary. 
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Cr 58-102+ dark gray (5Y 4/1) loam; massive, shattering 
(83013) under pressure to fine and medium angular 
blocks; firm; 15% well graded channers; very 
few fine and medium roots; few very fine to 
medium root trace pores; very strongly acid. 
SITE LOCATION: Summit of Bald Mt.; approximately 0.75 km west of 
Huckle Hill Rd. (USGS Bernardston Quad - 42d 42m 37s N 72d 32m 18s W) 
PHYSIOGRAPHY: Bedrock controlled upland topography with till veneer 
ELEVATION: 375 meters (1230 ft) abs SLOPE: 3% ASPECT: 45d 
SLOPE P0STI0N: Summit-shoulder 
SLOPE SHAPE: Linear slope/ convex-linear contour 
NATIVE VEGETATION: American beech, gray birch, black birch, white 
oak, red maple, and american chestnut in the understory. 
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SOIL NAME: Hawley formation 
CLASSIFICATION: Typic Haplorthod (coarse-loamy, mixed, frigid) 
Marlow series 
DATE SAMPLED: August 1, 1983 LOG NOS.: 83031-83038 
LOCATION: Hawley, Franklin Co., MA 
Horizon Depth (cm) Description 
Oi 3-0 whole and broken litter of predominantly beech 
and hemlock 
Oe 0-2 organic material in an intermediate stage of 
humification; many very fine, fine and medium, 
and few coarse roots; abrupt wavy boundary. 
Oa 2-7 black (N 2/0) humified product of litter of 
past vegetation; many very fine, and common 
fine, medium and coarse roots; extremely acid; 
abrupt wavy boundary. 
E 
(83031) 
7-11 brown (7.5YR 5/2) silt loam; massive; very 
friable; 5-10% graded rock fragments; common 
roots of all grades; extremely acid; abrupt 
wavy boundary. 
Bhs 
(83032) 
11-15 dark brown (7.5YR 3/2) loam; very weak fine 
subangular blocky structure; friable; 5-10% 
graded rock fragments; common roots of all 
grades; extremely acid; clear wavy boundary. 
Bsl 
(83033) 
15-26 strong brown (7.5YR 4/6) silt loam; weak^fine 
subangular blocky structure; friable; 10% 
graded rock fragments; common very fine, fine 
and medium, and few coarse roots; extremely 
acid; abrupt wavy boundary. 
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Bs 2 26-38 
(83034) 
Bw 38-54 
(83035) 
BC 54-76 
(83036) 
C r 76-119 
(83037) 
(83038) 
R 119+ 
dark yellowish brown (10YR 4/6) silt loam; 
moderate fine to medium subangular blocky 
structure; friable, though locally peds are 
weakly cemented by ferric oxide concentrations; 
10% graded rock fragments; few very fine, fine 
and medium roots; very strongly acid; clear 
wavy boundary. 
dark yellowish brown (10YR 4/4) very fine sandy 
loam; moderate coarse platy structure; friable; 
5-10% graded rock fragments; few very fine, 
fine and medium roots; very strongly acid; 
gradual wavy boundary. 
olive brown (2.5Y 4/4) very fine sandy loam; 
weak coarse platy structure; friable; 5-10% 
graded rock fragments; few very fine, fine and 
medium roots concentrated in the lower part of 
the horizon; very strongly acid; abrupt 
irregular boundary. 
gray (5Y 5/1) very fine sandy loam (83038) 
grading to very gravelly sand with depth, with 
common medium distinct yellowish brown 
(10YR 5/4) and few fine distinct yellowish 
brown (10YR 5/6) zones of oxidation (83037); 
weak coarse platy structure; firm in place, 
friable in hand; 15% graded rock fragments, 
increasing to 50% with depth ( those near the 
base of the horizon being extremely weathered); 
very strongly acid; abrupt irregular boundary 
to the bedrock. 
weathered schist 
SITE LOCATION: 10 meters west of Middle Road; 0.25 mile north of 
South Hawley intersection. ( USGS Plainfield Quad - 42d 32m 59s N 
72d 54m 18s W) 
PHYSIOGRAPHY: Bedrock controlled upland topography with a ti 1 1 veneer; 
site is on the upper flank of a flat between two bedrock highs. 
ELEVATION: 535 meters (1760 ft) abs SLOPE: 10% ASPECT: WNW 
SLOPE POSITION: Midslope 
SLOPE SHAPE: Linear stepped slope/linear contour 
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NATIVE VEGETATION: American beech, eastern hemlock, maple, black, 
white and yellow birch. 
NOTES: (a) bedrock outcrops occur in steps (see slope shape); site is 
midway between step edges. 
(b) < 1 meter pit and mound microrelief is common around the 
site. 
(c) structural expression improves upward from the Cr to the 
Bs2; it appears that the inherited platy structure of the till 
has been enhanced and modified by sesquioxides and root 
penetration. 
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SOIL NAME: Martha's Vineyard Moraine 
CLASSIFICATION: Typic Dystrochrept (coarse-1oamy, mixed, mesic) 
Montauk series (sampled as Nantucket series) 
DATE SAMPLED: October 28, 1981 LOG NOS.: 81052-81060 
LOCATION: Gay Head, Dukes Co., MA 
Horizon Depth (cm) Description 
Ap 
(81052) 
0-15 dark brown (7.5 3/2) sandy loam; moderate 
medium granular structure; friable; 10-15% 
gravel size rock fragments; many very fine 
roots; very strongly acid; abrupt smooth 
boundary. 
Bwl 
(81053) 
15-25 yellowish brown (10YR 5/6) sandy loam; weak 
fine subangular blocky structure; friable; 10% 
gravel size rock fragments; many very fine 
roots; very strongly acid; clear wavy boundary. 
Bw2 
(81054) 
25-48 brown (7.5YR 5/4) sandy loam; moderate medium 
subangular blocky structure; friable; 10-15% 
gravel size rock fragments; common very fine 
roots; very strongly acid; gradual wavy 
boundary. 
Bw3 
(81055) 
48-66 yellowish brown (10YR 5/6) sandy loam; moderate 
medium subangular structure; friable; 10-15% 
gravel size rock fragments; common very fine 
roots; strongly acid; clear wavy boundary. 
BC 
(81056) 
66-84 yellowish brown (10YR 5/4) sandy loam; massive; 
slightly firm; 5-10% gravel size rock frag¬ 
ments; few very fine roots; strongly acid; 
clear smooth boundary. 
Crl 
(81057) 
84-99 brown (10YR 5/3) coarse sandy loam; massive; 
firm; 5% gravel size rock fragments; medium 
acid; abrupt wavy boundary. 
C2 
(81058) 
99-107 strong brown (7.5YR 5/8) sand; single grained; 
loose; 5% gravel size rock fragments; medium 
acid; abrupt wavy boundary. 
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C3 107-120 light yellowish brown (10YR 6/4) silt loam; 
(81059) massive; slightly firm; <3% rock fragments; 
medium acid; abrupt wavy boundary. 
Cr4 120-150+ brown (10YR 5/3) sandy loam; massive; firm; 5% 
(81060) gravel size rock fragments; medium acid. 
SITE LOCATION: Excavated from road bank on SE side of Moshup Trail; 
117 meters (390 ft) SW of intersection of South Road and Moshup Trail. 
(USGS Squibnocket Quad - 41d 19m 50s N 70d 47m 36s W) 
PHYSIOGRAPHY: End moraine 
ELEVATION: 21 meters (70 ft) abs SLOPE: 5% ASPECT: ESE 
SLOPE POSITION: Midslope SLOPE SHAPE: Complex 
NATIVE VEGETATION: Scrub oak, bayberry, sumac, and ferns 
NOTES: (a) pedon was sampled as Nantucket series, correlates as 
Montauk series (except for chroma 8 in C2 horizon); C materials 
are too coarse textured, and the gravel content of the solum is 
too high for the Nantucket series. 
(b) wavy boundaries in C horizons are indicative of thrustal 
origin of the moraine deposits; though C horizons are strongly 
contrasting, it is believed they are the result of one glacial 
deposition. 
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SOIL NAME: Riverhead outwash 
CLASSIFICATION: Typic Dystrochrept (coarse-1oamy, mixed, mesic) 
Riverhead series 
DATE SAMPLED: October 28, 1981 LOG NOS.: 81044-81051 
LOCATION: West Tisbury, Dukes Co., MA 
Horizon Depth (cm) Description 
Oi 7-0 leaf and twig litter of oak and blueberry; 
abrupt smooth boundary. 
Oe 0-1 black (5YR 2.5/1) partially decomposed leaf 
litter of oak and blueberry; abrupt smooth 
boundary. 
A 1-3 black (10YR 2/1) sandy loam; weak fine granular 
structure; very friable; <3% rock fragments; 
many very fine, common fine and medium, and few 
coarse roots; extremely acid; abrupt smooth 
boundary. 
E 
(81044) 
3-5 gray (10YR 5/1) loamy coarse sand; very weak 
fine granular structure; very friable; <3% rock 
fragments; many very fine, common fine and 
medium, and few coarse roots; extremely acid; 
abrupt smooth boundary. 
Bwl 
(81045) 
5-11 dark yellowish brown (10YR 3/4) coarse sandy 
loam; moderate fine angular blocky structure, 
parting to weak fine granules; friable; <3% 
rock fragments; common very fine and medium 
roots; very strongly acid; abrupt discontinuous 
boundary. 
Bw2 
(81046) 
11-39 dark yellowish brown (10YR 4/6) coarse sandy 
loam; moderate fine angular blocky structure; 
friable; 5% rock fragments; common very fine, 
fine and medium, few coarse and one 30mm roots; 
very strongly acid; clear smooth boundary. 
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Bw3 
(81047) 
Bw4 
(81048) 
2C1 
(81049) 
2C2 
(81050) 
2C3 
(81051) 
39-52 dark yellowish brown (10YR 4/6) coarse sandy 
loam; fine angular blocky structure; friable; 
10% rock fragments; common very fine and fine, 
and few medium and coarse roots; few silt 
coatings on ped faces and gravel moldings; very 
strongly acid; clear smooth boundary. 
52-67 yellowish brown (10YR 5/6) coarse sandy loam 
with loamy sand and loamy coarse sand 
inclusions; massive; friable to very friable 
(texture dependent); 10% rock fragments; common 
fine and very fine, and few medium roots; very 
strongly acid; clear smooth boundary. 
67-90 brownish yellow (10YR 6/6) stratified coarse 
sands; single grained; loose; 10-15% rock 
fragments; many very fine roots in the upper 
part, very few fine roots in the lower part; 
very strongly acid; abrupt smooth boundary. 
90-108 predominantly dark reddish brown (5YR 3/4) very 
gravelly matrix supported by coarse sand, 
interstratified with brownish yellow (10YR 6/8) 
very gravelly sand; single grained; loose; 40% 
rock fragments on average; common very fine 
roots; very strongly acid; abrupt smooth 
boundary. 
108-165+ brownish yellow (10YR 6/6) coarse sand, with 
2.5 cm red (2.5YR 4/6) coarse sand-fine gravel 
strata at approximately 8 cm intervals; single 
grained; loose; 5% rock fragments on average; 
few fine roots in the coarse strata; very 
strongly acid. 
SITE LOCATION: 1.7 km (1 mile) west on Edgartown-West Tisbury Road 
from airport entrance, and 45 meters (150 ft) south of the road in the 
west facing gravel pit face. (USGS Vineyard Haven Quad - 41d 23m Is N 
70d 37m 48s W) 
PHYSIOGRAPHY: Martha's Vineyard Outwash Plain 
ELEVATION: 15 meters (50 ft) abs SLOPE: 0% ASPECT: - 
SLOPE POSITION: Summit near drainageway escarpment (Deep Bottom) 
NATIVE VEGETATION: Scrub oak, with blueberry understory. 
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